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ABSTRACT 


A full scale Inlet test was to be done in the NASA-ARC 40 ‘ X 80' WT to demon- 
strate satisfactory inlet performance at high angles of attack. The inlet 
was designed to match a Hamilton-Standard 55 inch, variable pitch fan, driven 
by a Lycoming T55-L-11A gas generator. The test was installed in the wind 
tunnel on two separate occasions but mechanical failures in the fan drive 
gear box early in each period terminated testing. A detailed description 
is included of the Model, installation, instrumentation and data reduction 
procedures. The final data acquired is contained as Volume II. 


[NO, Tfi-finoa 
2 



REV SYM 


PAGE 











LIST OF 


ADDED PAGES 



PAGE 

NUMBER 




























SECTION 



PAGE 5 






















PI 4100 7740 ORIG.a/71 J 16 - 04 / 


Page 

1 



TABLE OF CONTENTS 


Title Paqe 

Abstract 2 

List of Revisions 3 

. Active Pages 4 

Test Sumnary 7 

List of Figures and Tables 9 

References 10 

Introduction 11 

Facility 11 

Installation 11 

Model - 12 

Instrumentation 13 

Data* Reduction 14 

Test Procedure 23 

Test Results .24 

Appendix A - Instrumentation Report, Test 2532 48 

Appendix B - Subroutine EXTRA 6.01 Allison Distortion Index 75 

Appendix C - Detail Test Plan 78 

Appendix D - Test Log 88 

Appendix E - Lift Fan Technology Program Blade Stress Report 106 

Appendix F - Small Scale LCF Inlet, Fan Face Corrected Flow 113 


Volume II Test Data (English and Metric Units) 3M Cartridge Microfilm 
Volume III Small Scale Test Data (English Units) 3M Cartridge Microfilm 


REV SYM 


NO. T6-6094 








I 


*l8WWWim»i 








TEST SUrWRY 


Test Dates and Location 

Testing was done in three parts. The, initial checkout and static cal- 
ibration tests were done at the Boeing Remote Engine Test Site, Tulalip, 
Washington during the period June 22 to July 10, 1976. The wind tunnel 
testing was done at the National Aeronautics and Space Administration's 
Ames Research Center (NASA-ARC), Moffett Field California, July 19 thru 
July 26, 1976 and September 27 thru October 7, 1976. 

Authorization 


i 






The program, sponsored by NASA, was funded by contract NAS2-9215, "Large 
Scale Variable Pitch Lift/Cruise Fan Nacelle Test for the 40' X 80' Wind 
Tunnel". Internal funding within the Boeing Company occurred with IOWA 
#280009, W.O. 5-86311-7550-192061 and #283173 W.O. # 5-73587-8050- 
192061. An add-on portion to the test, for which Boeing support was 
subcontracted to Hamilton Standard/NASALeRC was funded by Purchase Order 
E276925X4 "Reverse Thrust Wind Tunnel Tests", W.O. 5-B6661-8421-NASA01 . 

Faciltiy 

The facility used for the static test and model checkout was the Tulalip 
Test Stand, T-1. The wind tunnel tests were done in the NASA-ARC 40 X 
80 foot Wind Tunnel. 

Purpose 

The purpose of the test was to determine the range of nacelle tilt 
angles, freestream velocities, and engine airflow levels for which a 
fixed lip inlet can provide pressure recoveries and distortion levels 
that result in acceptable core engine/fan operating characteristics and 
fan blade stress levels. 

Model 


The test model was an asymmetric inlet, designed to match the airflow 
characteristicr. and geometry of a Hamilton Standard 55 inch variable 
pitch fan (QFT44-18) driven by a Lycoming T55-L-11A gas generator. 




Recorded Parameters 

The fan inlet, core engine inlet, core engine and fan nozzles were in- 
strumented with sufficient pressures and temperatures to define pressure 
recoveries, distortions, static and total pressure profiles, and inlet/ 
exit airflows. The model installation was mounted on balance for force 
measurement. Wind tunnel and engine operating parameters were measured 
to define the test conditions. 
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Tests 


Tests were done at Tglalip to demonstrate the "model system readiness" 
for the wind tunnel test, confirm an airflow calibration and to deter- 
mine the effect, if any, of a close proximity ground plane to the core/ 
engine/fan exhaust nozzle exits. 

Tests were then to be done in the wind tunnel at free stream velocities 
of 0 to 160 knots and inlet angles of attack 0 to 120°. During the 
first series of test runs in the wind tunnel the main power transfer 
gear in the fan gearbox (4.75:1 reduction) failed and temporarily ended 
the test. The model was repaired and reinstalled 2 months later. 

Again after 8 test runs the same gear failed in a slightly different 
location. The core engine oversped to a point where the 3rd stage- 
<|(turbine wheel shed its blades and burst. The complete core engine was 
demolished beyond repair. This ended the test. 

Facility Occupancy 

The model was installed at Tulalip for 19 days, during which 5.23 hrs of 
"engine-on time was logged. The first installation at NASA-ARC was for 
8 days, 2.42 hrs "engine-on time and the second installation, 9 days, 
4.33 hrs. "sngine-on" time. 
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INTRODUCTION 


During the first part of 1976, The Boeing Aerospace Company, Military 
Airplane Division was awarded, by NASA-ARC, an inlet design contract in 
support of a multi -mission VSTOL airplane. The performance of a Boeing 
fixed lip inlet would be demonstrated on a Hamilton-Standard Q-Fan @ 
demonstrator engine operating in a severe "angle-of-attack" environment 
provided by the NASA-ARC 40' X SO'WT. Boeing was the prime contractor 
responsible for the inlet and nacelle design, fabrication and assembly, 
installation, wind tunnel test and data analysis. The responsibility 
for supplying the core engine/fan system along with its operation during 
test was subcontracted to Hamilton-Standard (HS). 

The main objective would be to demonstrate that a fixed lip inlet can 
provide adequate, pressure recovery and distortion levels that result in 
acceptable core engine/fan stall margins and fan blade stress levels at 
combinations of large nacelle tilt angles, freest^eam velocities and 
engine airflow levels. 

FACItlTY 

Testing was performed in the NASA-ARC 40 foot by 80 foot Wind Tunnel 
(40* X 80' WT). The Wind Tunnel has a closed 40 by 80 foot test section 
with semicircular sides of 20-foot radius, and a closed circuit air re- 
turn passage. The general arrangement is shown in Figure 1. Air is 
driven in the wind tunnel by six 40 foot diameter fans which are powered 
by six, 6,000 horsepower electric motors. The tunnel operates with a 
stagnation pressure equal to atmospheric. The stagnation temperature 
varies from ambient upwards, due to the entrained products of combustion 
and the heat from the tunnel drive system. 

Prior to installation of the test in the Wind TurneT, the complete 
test system, engine through instrumentation through data reduction, was 
given an operational/functional checkout at the toeing T%lalip Test 
Site, T-1 . 


INSTALLATION 

The test model, installed in the wind tunnel, is shown in Figure 2. The 
main wind tunnel model support struts were. removed and the semi -span 
turntable installed for mounting the nacelle. - The nacelle, was bolted 
atop a Boeing designed pylon-strut which in turn v/as bolted to the turn- 
table. This ertire assembly was mounted "on balance" for measuring the 
model forces. A large fairing was designed ind built to fit around the 
Strut and turntable and mounted "off balance' to provide shielding from 
the Wind Tunnel air forces. The centerline of the nacelle was 12'-7 1/8" 
above the Wind Tunnel floor and located on tne vertical centerplane of 
symmetry ii" the Wind Tunnel. 
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The center of the installation, or center of rotation, was at tunnel 
station 261.5. A model alignment check was done after installation and 
the model was determined to be 0.6° nose down at 0° angle of attack. No 
correction was made for this slight deviation from the horizontal. 

The rotation of the semi- span turntable is in the horizontal plane 
(normal inlet, yaw) and since the inlet was asymmetric the inlet was in- 
stalled on its side, i.e., the 90° position on the inlet lip was up in 
the wind tunnel. This exposed the windward designed side of the inlet 
to the tunnel flow at angles of attack. Figures 3, 4, and 5, show the 
nacelle at angles of attack of 0°, 60°, and 120° respectively. 

The peripheral support equipment, other than the instrumentation systems, 
were mainly hydraulic and lubrication supply systems for the vari- 
able pitch fan. One large high pressure pump, reservoir and cooler were 
located on the first floor, with a gear box lubrication supply and scaven- 
ging pump (2) located on the second floor. The high pressure pump 
supplied fluid for the fan blade pitch change and control system and the 
engine power lever position in the system. The lube and scavenge pumps 
supplied and scavenged the fan gear box of lubrication oil. 

The onboard fire system consisted of manifolded nozzles within the core 
engine cowling attached to two high pressure nitrogen bottles. In the 
event of an external engine fire the cavity inside the cowling would be 
filled with inert gas (N2). More detailed information regarding the 
installation support equipment may be found in the Plan of Test, refer- 
ence 1. 

The pretunnel installation system checkout was done at Tulalip, T-1. 

Here the nacelle assembly was bolted on a special shipping frame which 
in turn was welded to tie down plates beneath the test stand. Figure 6 
shows the model installed at Tulalip. 

model' 


The test model, or nacelle, consisted of an inlet, a variable pitch fan, 
a gas turbine core engine, and the appropriate fairings, nozzles etc. 

The inlet has a 57.826 inch highlight diameter, a 47.236"(1752.4 s.q. in.) 
throat diameter and a 55 inch fan face diameter (1869.12 sqJ in.). The 
inlet contour? are asymmetric with the windward side (180°) having a 
higher contraction ratio than the leeward side (0°). The contraction 
ratio varies from 1.76 at 180° to 1.30 at 0°. At a given inlet station, 
both the internal and external contours are crcular in cross section 
with offset centers. The inlet cowl was made of fiberglass. 

The Hamilton-Standard Q-Fan0> demonstrator is a 55 inch, 13 bladed, 
variable pitch fan which utilizes a Lycoming T55-L-11A, 3750 hp gas turbine 
as the core engine. The fan has 17:1 bypass ratio and is driven through 
a 4.75:1 gear reduction to a maximum speed of 3365 rpm. The fan system 
used a 25.4 inch diameter "semi-elliptical" nose dome fairing. The 
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fan exit nozzle was a simple, round, constant area, aluminum nozzle 
with an exit area of 1649 square inches. The core engine exit nozzle 
supplied with the engine, had an exit area of 394 square inches. A 
schematic of the inlet and nacelle showing the major components and 
station designations is shown in Figure 7. 


INSTRUMENTATION 

The test model instrumentation was divided into three groups: 1) 

Model performance, 2) Core engine/fan operation and health and 3) Wind 
Tunnel condition. A brief description of each group follows: 


Model Performance 

INLET: The inlet contained 45 cowl surface static pressure portsr 

figure 8, and seven fan face total pressure rakes (70 total pres- 
sures, 7 statics and 3 flush mounted total pressure transducers,) 
figure 9. These rakes are also shown in the photograph, figure 10. 

FAN DUCT: The fan duct had two rakes located just ahead of the 
fan nozzle exit, figure 11. The rakes each contained 10 total 
pressures, 3 total temperature probes, two Prandtl-type static 
probes and are shown in figure 12. 

CORE ENGINE: The core engine compressor face was instrumented 

with 8 total pressure rakes (45 total pressures and 3 flush mounted 
transducers), figure 13, and 8 static pressure ports. One total 
pressure was also located at the core compressor inlet lip. 

Engine performance was determined by measuring Nl, N2, and power 
shaft torque. The engine nozzle contained two rakes, figure 
14, with 5 total pressures and 5 total temperatures. 

Core Engine/Fan Operation and Health 

FAN: Fan operation and health was monitored by fan blade angle 

(FBA), fan RPM(N2/4.75) and 3 strain-gaged blades. In addition 
the gearbox lube oil pressure, temperature and flow were dis- 
played. on panel meters. Measurements were also displayed of the 
inlet, fan gear box and fan mount shroud, horizontal and vertical 
vibrations. Three of the 7 fan face total pressure rakes were 
strain gaged near the rake root to monitor stress levels during 
testing. 

CORE ENGINt: The engine system contained all the normal monitor 

and control parameters, Nl, N2, TT7, fuel and oil pressures and 
temperatures (various locations), three vibration pickups, and 
power lever angle and fuel supply. In addition six engine exter- 
nal structure and cowl cavity temperatures were displayed on panel 
meters. 
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Wind Tunnel 





The Wind Tunnel instrumentation consisted of measuring the total 
and static pressure, and the total temperature. In addition the 
model lift, drag and side forces, pitch, yaw and rolling moments 
were measured by the facility balance system. 

For the second phase, or reverse thrust testing the model was setup such 
that the following changes could be easily made within the existing in- 
strumentation system: 

1) Removal of the 7 fan face total pressure rakes (special plugs 
had been made for filling the holes in the duct;. 

2) Adding two aft (fan) facing total pressure rakes. 

3) Addition of 1 fan shroud static PFC (Fig. 12) aqui-distant 
from the fan blade centerline as cowl static PC42. 

4) Addition of a pressure line to measure compressor discharge 
pressure. 

5) Turning the two fan duct exit rakes to face aft. 

6) The addition of 13 nozzle "exlet" static pressures to the data 
system. 

The basic instrumentation/data recording system was a Boeing "Standard 
Digital Data System" (SDDS). The system contained signal conditioning 
equipment, monitoring equipment, scanivalves, analog to digital conver- 
sion etc. The system output data on punched paper tape for use with a 
PDP8/I computer. A detailed description of the exact equipment is con- 
tained in the Instrumentation Report, Appendix A. Detail scanning/in- 
strumentation assignments are also included for reference. A photo- 
graph of the equipment along with the H-S furnished core engine/fan 
controls and monitors installed at NASA-ARC is shown in figure 15. H-S 
also furnished and operated the fan blade stress monitoring and record- 
ing equipment (Three of the 13 blades were gaged). 

DATA REDUCTION 

The data were reduced to semi-final form on-site during the test using a 
PDP8/I computer. The computer system (including line printer) was fur- 
nished and operated by Boeing with the data system. The data were 
reduced with data reduction program PN026-"Ames Q-FAN 01/ Nacelle Inlet 
Program". Final data tabulation or re-reduction was done at Boeing to 
convert the data. into the metric system, SI units, and microfilm. 

The equations used in the data calculations are described on the follow- 
ing pages referenced to the sample data < page, figure 16. Total pres- 
sure data from the core engine compressor face probes were also used in 
calculating art engine manufacturers recommended distortion index. The 
"Allison Radic-l and Circumferential Distortion Index" data are contained 
as the page tv/o output for each test point. This index, defined in the 
"Allison Gas Turbine Specification #844-B".is described in "Sub-routine 
EXTRA 6.01", Appendix B. 
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PN026 CALCUUTIONS 
(FORWARD FLOW - CAL026) 


1. ' Tunnel static pressure based on AMES input data. 

PO » PTO - QPSF/144 (la) 

2. Inlet corrected airflow - table look-up. (Table 1) 

WKl vs. PSTI 
where 

PSTI « ((PC(13) + PC(31) + PC(37) + PC(38))/4.0)/PT0 

3. Inlet airflow. 

W1 » WKl * 6j/ye^ 
where 

6j = TTO/518.67 (3a) 

Oy * PTO/14.696 

4. Fan face average total pressure recovery, area weighted. 

PTFA = PTFAV/PTO 

10 

PTFAV =1/1869.12 I PTFR„ (A„) (4a) • 

n=l " " 

7 

PTFR = 1/7 Z PTFX„ 

n=l " • 

PTFXjj = Individual fan face total pressures, number X(4b) 


= Area weighting factor 


n 

A-in^ 

PTF-X 

1 

93.462 

1, 

« . o 

21. 

31. 

41. 

51. 

61 

? 

93.462 

2, 

12. 

22, 

32. 

42, 

52. 

62 

3 

280.352 

3. 

13. 

23. 

33. 

43. 

53. 

63 

4 

280.362 

4, 

14. 

24. 

34. 

44i 

54. 

64 

5 

280.362 

5. 

15. 

25. 

35. 

45. 

55. 

65 

6 

280.362 

6, 

16. 

26. 

•36. 

46. 

56, 

66 

7 

280.362 

7. 

17. 

27. 

37. 

47, 

57. 

67 

8 

93.462 

8. 

18. 

28. 

38. 

48. 

58, 

68 

9 

93.462 

9. 

l9. 

29. 

39, 

49. 

59, 

69 

10 

93.462 

10, 

20, 

30, 

40. 

50, 

60. 

70 
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5. Fan face total pressure distortion 

0!SF « (PTFX^ - PTFX„j|^)/PTFAV 


6. Fan duct airflow 


WF 


? *«V 

£ 

n=l 


V518.688 







Y = 1.4015 
9 « 32-1741 16-ft/sec^ 
R = 53.35 ft-lb/lb"R 


n'll/2 


PM = Fan duct nozzle static pressure* (6a) 

R * 18 61 I * 

for 1 < n < 10 r (PH2-PHl)(- -,Q - gg --- ) + PM2 R^ «| f 


for 11< n < 20 = (PM4-PM3)(— 


R. - 18.61 


28.73 

f 

18.91 


10.65' 


-) 


+ PM4 


= f(PTM„) 
n » 1n^ 


Rj^ RADII Table 

PROBE 

I (K) RADIUS (R) 


1.11 1T7.1 

2.12 110.5 

3.13 99.8 

4.14 90.7 

5.15 82.5 

6.16 75. 

7.17 68.4 

8.18 . 63.5 

9.19 58.5 
10,20 60.2 


1.11 

28.73 

2,12 

27.4 

3,13 

26.16 

4,14 

24.98 

5,15 

23.86 

6,16 

22.79 

7.17 

21.77 

8,18 

20.78 

9,19 

19.83 

10,20 

18.91 


7. Fan duct corrected airflow 

WKF * WF * Y^/6p 

where g 

©r=(. r ^ TTM„)/518.688 (7a) ' 

^ n=l " 

6p = PTMAV/14.696 

*For test runs 27-35 PM2 & 4 Probeswere damaged and PM = either PMl or 
PM3 (no linear interpolation was done). 
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PTI-1AV 


, 10 PTM„ + PTM„.,n 

„ff ( " 3 (7b) 

, n-i 

PTM » Fan duct exit nozzle total pressures (7c) 

* two times the values shown In table, for values 
** l<n<10 ’ 


(. Core engine compressor face airflow 

WE * ^ WER^ 
n«l " 


16.96 * PTCAR. r 2qy x ^ ^ , 

WE^l = — r 2- . ,x 'PTCAR:^ “ 'PTCAR.^ J 


Vttc* 


R{y-i) 


PTCAR = The Individual core engine rake average pressure. 

TIC » Core engine compressor face total temperature 

PSt « Core engine compressor face static pressure aligned with 
each core engine rake arm. (8a) . 

9. Core engine compressor face corrected airflow. 

WKE * WE * 

©£ = TTC/518.688 

TTC = Compressor face total temperature (9a) 

= PTCAV/14.696 

PTCAV = Area weighted average total pressure at the compressor fact 
48 prr 

El PTC = Individual total pressures (48) 

n=l • 48 • at the core engine compressor face 

(9b)' 

10. Area weighted average total pressure reco\ery, core engine compressor face. 

fTGA = PTCAV/PTO 

11. Core engine compressor face total pressure distortion 

niSC = (PTa-tAX - PTCMIN)/PTCAV 

12. Core engine horsepower 

EP = 2ir * ETM * CN2/330000 

where ETM = Core engine torque (12a) 

CN2 = Pov/er turbine speed 
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13. Corrected core engine nozzle thrust - table look-up (Table 1) 

CKFN vs. corrected engine horsepower (CP) 

CP = EP/( * fig) 

14. Core engine nozzle thrust. 

FN « CKFN * fig 

15. Core engine nozzle exit velocity 

VN « FN * g/WE + FF 

where FF is a table look-up (Table 1) 

FF vs. CKNl 

CKNl = Corrected compressor speed. 

16. Average core nozzle to tar temperature. 

5 

HNAV = 1/5 E TTN 

n=l " 

jl7. Average core engine nozzle static pressure. 

4 

PNAV = 1/4 E PN 

n=l " 

IS. Average core engine nozzle total pressure. 


PTNAY = 1/5 E PTN 


n=l 


n 


(i&) 


[19. Calculated inlet airflow. 




rtl 1/2 

Y 

3 > 


A =. A^/7 (from the A^ table used in the calculation of PTFA7) 

PPA = Interpolated average static pressure for each fan face 
total pressure probe. 27 228 

CPCZ - PPY) * (RA - 13.7!)7i ppy .. 

U3.237 

PC - Inlet cowl compressor face static pressure (19a) 

PP = Inlet rake prandtl static pressure (19b) 
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19.. (Continued) 


n 

2 

y 

1 < n < 10 

39 

1 

11 < n < 20 

40 

2 

21 < n < 30 

41 

3 

31 < n < 40 

42 

4 

41 < n < 50 

43 

5 

51 < n < 60 

44 

6 

61 < n < 70 

45 

7 


Calculated inlet corrected airflow 
WK2 * W2 

Total fan face airflow. 

W3 = WF + W£ 

Fan pressure ratio 

FPR = PTMAV/PTFAV 

Fan duct exit velocity 


= 2gR (^) * nmy [ i 


III 

/PMAV . Y -1 
'PT^W^ •*. 


TTMAV = Average fan duct nozzle total temperature 
TTMAV » 518.688 * Op 

P^tAV = Average fan duct nozzle static pressure. 

4 

1/4 Z PM„ 
n=l " 


Corrected compressor speed. 

CKNl = CNl/y©Y 

Corrected power turbine speed. 

CKN2 = CN2/Y^ 




|26. Fan inlet cowl surface mach numbers. 


1/2 

3 > n » 1-45 

(ref. fig. 17) 


jS7. Resultant of nacelle lift and drag forces. 

? ? 

FX2 = (FX'^ + FZ^) 

FX » Drag force 

FZ « Lift force 

feS. Corrected inlet airflow per square foot. 
WKIA = WKl/12.98 


(REVERSE FLOW - CALTPS) 

Calculations for the reverse testing mode .re the same as the forward mode with the] 
dll owing exceptions. 




WKl is not computed. 

W1 is not computed 

PTFAR - Fan face total pressure average, area weighted (2 rakes) 


PTFAR = PTFAVR/PTO 
20 

PTFAVR » Z PTFR./i if PTFR. is > PTO + .1 
i=l ’ " 


n is the number of probes that satisfy the above 
requirement. <20 

PTFR. are the individual fan face total pressures 
if n=0 then. PTFAR ."i PITFAVR = 0.0 


3. 


DISF - Fan fac.e pressure distortion 

DI*;F = (PTFRj^^ - PTFRj^j^) / PTFAVR 
providing PTFR^^^j^ AND PTFRj^jj^i are > PTO + .1 

CKFN - Corrected core engine nozzle thrust. 

FH 

= 6c 
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FN = Core engine nozzle thrust 


VNI * Ideal velocity 

WE *= core engine mass flow 

FF = fuel flow, table look-up f(CKNl) 

9 ~ gravitational constant 32.174 

VNI = Ideal engine nozzle exit velocity 

f(nNAV, PO.PTNAV), subroutine SPEEOZ used. 


VNI . ( 2gR(^) (HNAV) [1-p^ 


Id 
"'I ) 


W2 - not computed 
UK2 - not computed 
W3 - not computed 

FPR - Fan stage pressure ratio 

» PTFAVR 
PTMAV 

VHI - Ideal fan duct exit velocity 

f(TTF, PO, PTFAVR), Subroutine SPEEOZ used 

Y 

VHI = ( 2gR(:^) (TTF) [1-prraW 3 ^ 


2w(ETIN)(N2)(2547) 

133000) (WF-WE)(. 2395) {3600] 


+ TTMAV 


ETIN = Engine torque (inch/lb) 

XMC. - Fan inlet co'vl mach no. - rot computed. 

WKIA - not computed. 

DISN - Fan duct nozzle distortion 

■ <'’"W - '’T'\,in)/'’"A'' 

’’*MAX * *’^IN chosen from PTM^ where i = 1,10 

REPRODUCIBILrrY OF 1 

ORIGINAL PAGE IS PC 
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FRAf-1 - Ram drag 

. MIlEPSl [cos(ALPHAl)] 

where WE ~ core engine mass flow 

VFPS = tunnel velocity 

g * gravitational constant 32.174 

ALPHAl = model angle of attack from tunnel paper tape 

recording 

CT - Reverse thrust coefficient (Harailton/Standard) 

. RISEh 
2(RH0)(ND)^ • 

where RISE - the time average value of the pressure rise be 
the Q-FAN. PTFAVR-PT/lAV 

RHO = tunnel free stream density 

N = N1 - propeller speed (RPS) (Nl/60.) 

0 = propeller diameter (ft.) - (4„5833') 

FNREV - Reverse thrust 

.CT (HEp) 


g = 32.17<’ gravitational constant 
Vill = ideal velocity (fan duct exit) 

WF = mass flow (core engine compressor face) 
CT = thrust coefficient. 


mm 


m 


a 





-> 


The Wind Tunnel test conditions were recorded by the Wind Tunnel data 
system and output on punched paper tape. This tape was loaded Into the 
PDP8/I along with the SODS tape to produce a combined data output. Data 
values contained on the NASA tape were: Run, Conoition, Angle of Attack, 

q, Voe» , TTO, PO, PTO Lift, Drag, Sideforce, Pitching Moment, Rolling 
Moment and Yawing Moment. Separate recordings of Tunnel total pressure 
and temperature (PTT, TTT) and static pressure (PST) were made by the 
SDDS as a backup to the Wind Tunnel supplied PTO. TTO, and PO. Figure 
17 shows the model force component and sign convention used for this test. 


The final data are contained on microfilm and have been included with 
this report as Volume II. Two sets of data (tabulated) are included; one 
in English units and the other in metric (SI) units. Included with the 
final data tabulations are total pressure contour plots for the fan face 
and core engine compressor face stations. Machine (SC4020) plots Of the 
inlet cowl surface Mach number versus station plots are also included 
for each test point. 

TEST PROCEDURE 

Testing was done at NASA-ARC on first and second shifts. At the begin- 
ning of each day's testing and/or run -startup the data systems were all 
check calibrated and adjusted for the proper barometric readings. A 
wind-off zero was taken on the force measuring system. The following 
general sequence was then followed: 

1) Start Wind Tunnel into the synchronizing mode. 

2) Start fan gearbox scavenging pump 


3) Start fan gearbox lubrication pump. 

4) Start fan blade and PLA control hydraulic pressure pump 

5) A final inspection of the facility and model test systems 
was completed. 


6) The Wind-Tunnel was then brought on-line 

7) The engine was then started 

8) The Wind Tunnel access door was closed 

9) The engine was left at idle power until the Wind Tunnel speed 
was wiihin approximately 20% of the and value. Then in parallel, 
the engine power setting (usually max. at the beginning of 

a run) and wind tunnel q were adjusted to the desired end value. 


0 

1 
o 


10) The test system was then allowed to stabilize for 15 seconds 
and data were recorded on both the SDDS and Wind tunnel data 
systems . 


o 

o 

O 



NO. T6-6094 


PACE 23 


■** ..xr-'r- 


RCV SYM 



Dt 4100 7740 ORia.t/71 Jll«>047 


TEST PROCEDURE (Continued) 



11) The engine power and/or fan blade angle were then reset to 
the next test condition. A detailed list of test conditions, 
sequence and the test points is contained in the "Detail 
Test Plan" appendix C. 

12) After a sequence of test conditions were recorded the wind 
tunnel velocity and/or inlet angle of attack were reset to 
a new point. When the inlet angle of attack was reset the 
engine power was always set at some intermediate to high level 
such that there would be no chance of airflow separation (The 
Inlet airflow separation was predicted to occur at low airflow 
settings) within the inlet. 

A detailed record of the test conditions and notations are contained on 
the test run logs, Appendix D. Listed also are any leaking, disconnected, 
or plugged pressures, shorted thermocouples, etc. 

TEST RESULTS 

The test, as was previously stated, was terminated In the very early 
stages of running. Only seven of a desired thirty-six test conditions 
were recorded before the termination of testing. The following Is a 
brief summary of the major events occurring during the three test periods. 

The model was setup at Tulallp and after the normal amount of problems, 
"debugging" and adjustment, the first "engine-on" runs were attempted. 
Inspection of the engine and fan after the initial short check run re- 
vealed one fan blade in reverse pitch, completely out of synchroniza- 
tion. The fan assembly was disassembled and It was determined that a re- 
taining collar (to the blade pitch act'^ator) had broken on that partic- 
ular blade. The fan actuator assembly was then air freighted back to 
H-S at Windsor Locks, Conn. The actuator was repaired, inspected and the 
retaining collars replaced. It was determined that the cause of this 
failure was due to a previous rework of the actuator system for additional 
stroke (blade pitch). During this rework too much materic.1 had been 
machined from the end stop. The additional travel now allowed the "blade 
follower" to over center whereupon during actuator retractior It jarmied 
and caused the collar to be broken. The fan ms reassembled and checkout 
tests of the system resumed on a near normal basis. An airflow calibra- 
tion run was made (runs 2-7) followed by the close proximity ground plane 
tests (runs 8-20). During the ground plane tests a large (10' X 20') 
deflector plate was mounted to the front of a forklift and positioned 
at distances of 7', 5', and 3' behind the core engine exhaust nozzle exit 
to evaluate back pressuring effects. After these tests were completed 
the model was sent to NASA-ARC. 

The model was installed for the first time In the 40' X 80' WT In approx- 
imately 9 shifts. Testing began (run 21, 22) and continued through the 
static test conditions. O'* alpha (runs 22-25). 
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TEST RESULTS (Continued) 


During the first "wind on" test series, 40 knots, 0® alpha, a large 
"pop" occurred within the nacelle followed by large quantities of dis- 
charged oil. The core engine oversped, the overspeed protection cir- 
cuits activated, and the system shut down. Upon close inspection of the 
system it was determined that the fan would not rotate and disassembly 
of the fan system was undertaken in the Wind Tunnel. It was found that 
the main power transfer gear, the sun gear, in the fan gear box had 
failed and pieces had damaged and jambed the other gears. The engine/fan 
system was then removed from the Wind Tunnel for repair and returned to 
H-S. 


The repairs took approximately 10 weeks with the model being returned to 
NASA-ARC in mid-September. The model was again installed in the 40' X 
80' WT (6 shifts) and testing resumed with run 28. The static condition 
was repeated, (run 28) followed by 40 knots, 0®, 20®, 45®, and 60® alpha 
(runs 32 - 37). At the 75 knot, 75® alpha point the test engine again 
failed, first with emitted sparks, smoke, and oil followed by an explo- 
sion and disintegration of the aft portion of the engine. A small fire 
ensued but was quickly extinguished by the N2 system and hand held C02 
extinguishers. The immediate tunnel area and downstream in the diffuser 
to the trash screen were littered with bits and pieces of the engine 
turbine sections. Four holes v/ere exi slant in the Wind Tunnel walls at 
various locations where the engine third stage turbine wheel, which had 
burst, had exited the tunnel circuit. 


A formal accident review board was immediately convened by NASA to 


investigate and determine the cause of the accident, any negligence, and 
if applicable, recommend any future precautions or procedures. Several 
people, familiar with this type of engine, this type of failure were 
called in as consultants and investigators. Ac the time of this writing 
the accident board findings have not yet been released nor have any of 
the photographs of the damaged hardware. 


A detailed analysis of the data acquired may he found in the Propulsion 
Staff document, reference 2. An analysis of the fan blade stresses, 
recorded during testing by H-S, is contained in Appendix E. 


REV SYM 





T6-6094 

NO. 


PAGE 25 







NOT FIL^ 


ENC.IKE TORQUE 

V'S , '(ORQuEHeTez 

JNDIOATIOK 

(SbiCATtoM 
•>/o PP 

FT 

\30O Vb-ft 

irgih -ib 

\oo% 

\55b 

T30 

Z3S0 

800 

3150 

850 

3900 

3oo 

4600 

350 

5300 

4oo 

5900 

450 

6550 

500 

■| 150 

5^0 

1150 

6oo 

8350 

fcSO 

9ooo 

loo 

9650 

ISO 

10 3SO 

600 

11 150 

650 

izooo 

900 

13000 

950 

\4i50 

looo 

15450 


IHL£T COaseCTETD 
fi»((?FLOW VS. 
CAUa^^^lCH 
PRES^uae. 


P^V CC>T 


.55 


•4>o 


.65 


.10 


.15 


. feo 


.05 


.90 




.550 


.‘JlT 


10 


.^61 


.‘)i1 


. 904 


. 860 


I 804 


.12»9 


. 654 


.546 


_*JD8_ 

.390 


.850 


0 


'//Kl= fe6i.n C D 


CORQECTEb Fueu 
FUDW '/S. COR.R. 
cMatMe 5PEec> 


«i/Ce 


“/oimoKyJ it/K 


55 % 34o. 


590 


450 


580 


480 , 


ISO 


940 


14ZO 


ZV80 


CORRECTEb 40B£ 
TVVRUS.T V-S. CORR. 
POWER. 


fkm 


u» 


0 


zoo . 50 


4oo 53 


600 ”75 


000 91 


iOOO 108 
1800 |Z3 


1400 458 


1600 IS8 


taoo \4S 


8000 \18 


8800 19» 


803 


ZbOO 8\S 


8000 Z84. 


3000 Z38 


L/CFA. I no let test X:>^TA^ T8.GDOC-\-ion\ “TA^feues i 


i 

REVSYM PAHR Pf,ANK ’ _ 

NO. 4* 

A- 

r 

% 

PAGE 27 



... 1 

4 L ■ ii... .... 



























































































































OP me 



CALC 


NCVISCO 


DATE 


IMODE-L iMSTAsUCfc-P 
IK> TKt 4o <€io''-»»^T 


riQ Z 


APPO 


APPO 




Ai> m o>iu 
























wlG, 4- 


AWGLt OF attack: 


MCVI«EO 


DATE 


CALC 


CHECK 


^AOB 

31 


THE JEH!F£FJFAfC company 


AO f7S 0*R3 











KKPKUD 



IZO' ANGLt CF ATTACii 




MODEL ^SSEMBL/ At T- \ 


CALC 



PCVItCO 

OATK 

CHCCK 





APPO 





APPO 



















<9 


1 

LEtW^RO (oO COWL 5TKTIC PRE55UP.ES 


WlNt>WMtt> Oeo*') COWL STMlC PRC56U82S 


PC-Mtt 

5TA 

R4D 

5| 



PtiJO. 

5T\ 

R.tvD 

s» 

Sr 

■J 

1 

58.405 

Z9.ZB8 

4.411 




19 

58.405 


5.514 



^ 

5C..Z1I 

Z8.5Z4 

z. 



to 

56 211 

55.625 

2.955 



3 

SS.%L 

Z1.599 

.969 


. ~ . 

21 

55.566 

52.586 

1.549 


4 

55. 041 

Zl.OlO 

.548 



2u 

22 

55 .041 

5\ 699 

.604 



5 

54-‘J8'5 

Zfo.iri 

o 



5 


54.189 

51.098 

0 




55.001 

2b5lO 

.218 





55.001 

50.155 

.545 



1 

55.105 

zco. m 

.565 




7S 

55.105 

50.246 

.862 



8 

55.Z85 

25.841 

.944 




2b 

5S.2S9 

29.129 

1.4U 



9 

55.5b4 

25.519 

1.512 




21 

55.5bA 

29.202 

2,00b 



10 

5fe.5b5 

24.908 

2.580 




28 

56.565 

28. n\ 

5.512 



II 

51.810 

24 228 

4.056 




29 

51.810 

26 898 

S.281 




59.08b 

25.104 

6.218 




30 

59.9S6 

25691 

1.126 


o' 


b5.204 

25.44\ 

9.450 

51.065 

atp 

4 

% 

51 

65.062 

24.550 

11.009 


u> 

f- 

14 

61.218 

25.515 


55.051 


D 

52 

bl.2\5 

25.105 

15.249 


:z 


1 l.5bZ 

25.9S\ 


28,865 


i 

55 

11.562 

25.441 

19.409 

28.980 


lb 

11.8bZ 

24.181 


22.821 



84 

11.562 

25.901 


22.958 



^ *t 

U >>• 

•^r- K 1 

^ . 1 w • 

• 

16.148 



I 

95.567. 

24.982 


1 6.860 


Ift 

92.-3C,2 

21.048 


1.655 



L^_ 

92.562 

26.188 


1.680 


*»\D6 COVIL STKTK. PRE5SU^-i 


PC MO. 

5TA. 

RM> 

8 

zn 

36 

68.690 

68.690 

25.6n 
25.611 1 

7.10® 


Rep 


«URP^CC DtVTAOCE FRO»\ RlUTC (*T*s 54 
5UR.FAC£ DI5TAMCE PROVV rKM PACE (V\K 50o'> 



F^H FbCE COWL 5TKTIL PR&55URC.S 

Ft W 


R^D 

- — 

52 



8® 

89 

4o 

4s 

42 

45 

44 

45 

98 

LJ 

•soo 

/ 

n 

> 

1.2 

s 

oo 

f 

15.11 

61.14 

\J8.51 

llo.oo 

22143 

212 . 0 . 

324.29 


21*5* liOMiMM. 



mu.viNBvsna.iSH '3-:)Vd rwd 



U6EW&<tt> 

0* 


RAKC I 


0 4TftAtfy 9TA!T6 TOrfM. PROBE V TTF % ) 

O STCKM 9TMK At4t» BYHAMtC ‘TOTAL PROO&& (bIOR EY StBS.^ ^PTF/ , FEFX') 
A BRAWBTL BTMIC. PROER (PPX^ 



RAKC E 


RAXRB 


6 * 

«9a . 


FAH FACE RAKE PROSE COORtMtiATEE 
AMO HuKtoRRINE 


p.ma \ P 
RlNE Z 
RU4^ E 

SI^4Cl 4 
R 

rm<; 6 

RmL 1 
«!H«» 8 
RIM& 9 

g»M6 to 

RAKB ^ 
AH&UE. 

® POC 1 
© PDFZ 
O POfE 


RAKE 

1 

V.XE 

z 

RAKE 

E 

■ 

RAKE RAKE 
4 E 

RAKE 

4 

RAKE 

1 

PTF 1 

PTF « 

PTFEl 

PTPBI PTF4» 

P1F5I 

PIFM 

Z 

(t 

zz 

EZ 42 

5Z 

42 

E 

R. 

zz 

3E 4E 

53 

43 

4 

W 

Z4 

34® 44 

54 

44 

5 

IS 

2S 

25 45 

55 

45 

C 

K> 

7t 

35 44 

54 

44 

7 

n 

Z1 

n 41 

51 

41 

8 

<8 

78 

28 48 

*58 

4S 

9 

19 

Z9 

39® 49 

59 

49 

pri 

PPE 

PPE 

rP4 PPE 

PP4 

PP1 

10 

Zo 

SO 

40® 50 

4o 

10 

z>n»* 

TI.W 

\78.5l' 

180.0o‘ lli.4? 

VU3i^ 

i 

1 

334 


OYHAMIC. TOTAL POLSSURE PQORS 
MOOUTED <.tOS RY SI06 WiTR 
ETtAOV RTAYE PRobR 


RiKCi 

RAOlUE 








133 ] 




f-AM Face - Fjcont \yitw 













Fan MotzLE. Rakes 



DATE 


ncvitco 


Apt Vi£W 

Coe.-€- / Pa.k) VtezLil 


Rg, w 


CALC 


CHECK 




APro 


APPO 


THE COMPANY 


PAGE 

*>0 















13321 



PAOK 


AO 973 0-R3 




ooo 













01 4100 7740 omo.a/71 


1. Cowl Mall slatic pre»*o»c -tap (pFD) © srK 114.000 , 100* (matoIbs PC4Z) 

2 . H/s ^on dud raWa* @ STK » 5 I 09 , 0 * ^ IPp' 




«tA 

tS1.09 


0* 

PRO&ES 

ISO* 

PROBES 

R/<DIOS 
VTX 151.09 

NOZZLE WA.U 

NOZUJE. WIklX 


PHI 


ZS.2.C. 

PTMl 

PTMII 

2 8. 7-3 

PTHZ 

PTMtZ 

21.40 

TTHI 

TTM4 

2&.7 8 

PTM5 

PTMI3 


PTM4 

FTMI4 

24 ;9& 

PTHS 

PTMI5 

23.8^» 

PTMfc 

PTMIfe 

22.79 

TTHZ 

TTM5 

22.26 

PTMl 

FTlAn 

21.77 

PTM8 

FTWI8 

20.78 

PTM9 

FTM 19 

I9.8S 

IT MX 

ITM.fc 

19.37 

PTMIO 

PTM20 

I8.*5I 

PMZ 

PW4 

16.41 

CORF CK6C 

CORE C^SE 

1B.3& 




area. asM^nedL A.^ Aolat pret^ute. probe. 
: J^low a«Tca at ra\<c -face. C^TA 15\.09^ 

«= |4>4^ iVi^ 


F^M DUCT DKIT RAK£^ -- FIG. IZ 


PPV QYU 


JEfOJE’^AfC NO. "IZ>"G0‘54 

KCY dIfVi 

^ • 

PAGE A\ 





Dt 4100 7740 ORtG.t/71 


VIEW LOOKING FROM FRONT TO REAR 




inlet Lip 


ALL Vy EXCEPT AS NOTED 


'Ps-8 


l*S 

CORt ^QIN£ COMPR^SSD^ lKiSTCUHP.NimT\OU 


}\ 

REV SYM 

NO. ^^{lo"^(cCy^Ar 

f- 

^ ’ 




IVVINDWARO) 

















MCVltCO 


DATE 


I M Svcre 

(<I_CO‘‘ C-VKiC:! D^SPLAs'V 
■JSVSICM COMTt-n.' 


Moton&eio 


••AOE 


• TOOO 




ALPHA 


COWL 

4^'SL‘ 

a553 

3bA« 

3bS;? 












T'ST NASA-ii^C ftKXdJ»-POrT <«lt4n TUMnFL 
■* (ENGLISH UNITS) 


©tiPSF 

(j^PTO 

^’pp 


I4,b?0 

ia,495 

P’LA 

(lOjPTCA i 


>-"21,9 ^ 

-^1 ,0|8l 


,»cU?) 


CDNF DATE PDAR 

1, lP!3l7ft, ia,622 

^ , .. P- 

rN PIT PST TTT 

li, ia,5fl9 btti^b 


— -• MEA&’»tED TUM>Jt.u 

7JT 




M 


/».£ '>24^KN1 '12 tP -^FN ; TT7 

^3,^^71CN, 173,3; l7fia,5 

)tTC ^KN2 !^E7 Q^} FUN d^PTNA 
>-i3S9«, — 73fc, 17l,a» ia,738 


PTic 28 'W*ia 

l,t«287''~^?9,9 


- 


| '4' , 9 7 1 9 
4l..i:^a7 : 

^U,999a 
li, 9949 
1|P,98(,3 


Fan nozzle 

»F1 PK? 


CDmPnFSSOR face 

HKl Pk? PK3 


9997 

; .008? 

1*6 8 0 

1,0883 

1 1 3b 

l.i1?8 

1215 

1.1158 

1 212 

1.1138 

1170 

• , 1091 

1 399 

1 ,1000 

1^.73 

1.0923 

1 034 

1.0823 

0934 

1.0738 

o94 

1 .385,7 


I 


l»l,9.9fc? 0,P/!2a 0, 00450 


%2h ) 

'KT' CC VU 
rp , t ^ ^ 
|p,«aN2 
|P,5271 
|p, «/Sl* 

Ip, 0298 

|«,2fc02 

pp.assi 

I P,3bN« 

^l*,3^Sa 


A T IC- 
99 I a. 


surface ‘•.ach 5:u‘it 
P,«!lai 0, Ibll 0,i 
H.S019 '>',b082 n,5 
0,boai 0,a!jC3 o,< 
t, 3^*27 Pi,3b'*.T 0,* 
0,nes 0,17?b 0,1 
('.,2860 P,3b33 0,J 
C.31b9 v’,49bo 
0,aF9a '',471b 0»: 
0.3829 P.3S72 0.: 

PSl A ' 

S3l ia,bl3 ja,5b? 


I, '<038 ),P21b l,00b7 1 
I, <1049 1,018b 1 

1,3221 l.Dlfea 1 , t5 2 e«S 1 
l.«2b7 l,Rlb4 I,ki2b8*l 
1.0*017 l,01?tt 1,43179 1 

1..113P 1,011b 1,310.2 1 

L 

, 'JEMPESATuPtS 
FAN Duct 

^ '^SKl R(A2 

bb?,7 bbb.S 
Sb*,3 b55.9 

Sb8,P bS2,b 
riFWS . 

2931 0.391b 
S3lb i.SiaS 
437b J,a22u 

0749 

1958 0.2307 

3814 0 ,a;i«i 

4f2M 0,420b 
5870 0.3b39 
3737 0,,3b9a 


RK4 f,", 5 R*<b K«7 Pk8 

.9481 0,9467 4»,9a82 C.SabO 0,948l8«t; 

,P05l 1.0P9P 1.P0P5 1,2071 0,9977 

,P28r> 1 , 022 a 1,0252 !,2?38 1,0219 

.0285 1,0241 I ♦ 0 1 § » .. 1 , 8 » frfri 1 , 0Z>3b(^) 
,224 1 1,0168 1 ,0l8b-Ll ,71 88 - 81 .0l9bVs-y 
,'*201 1,0127 1.01M l,ei38 1,0139 

.0122 1,0.041 1.037s 1,3060 l,Po5b 

F'r tr.-. y^.* *. Qi P"- ■• ) - ilvjt I It 1c?c li 

UYNA0.IC 8’fiS 
Fan Cqpf 

0,0.220 0,0025 

„ ... 0,0064 _.**•♦•* 

0,0444 J,2'*3? 


^ Pe-sfeCj /i^Ct^ax-j^. *oo0t.<Ae>»..c 
»Cr»sX)K,e U/XTA 'V 


^TF’1P- UFG, P ^ 

155*1,2 Ibba.a 535,0 


FT-L6S 

QZ OV Oi 

■584,0 -987,2 139,0 


I , 

i._aUu lte*i 


1 4 04, a 1414,1 Rbproducjibility op the 

ORIGINAL PAGE IS pnno 


dau ShlU '- /6 


P0T.D0T7T FRAME) 2— » 


7Z>-CO^H 

U 

5 



L/CFA QmfhK iNLt^ test N 

(EMGLI 


fcUN NO, CONO NO, TtST OAT£ PA>*B «»TTmEF 

~ ^ 2 * ?. l!*ei 7 N, ia,feg?o - lU.feaaB 


fLcison kaoial »?fcr«jVEoy index 


ffECOvFHY l.plfci PtCOVEPY (bP) l,Pl%a PfcTOVEf»Y(« 


ALLISON KiDlAL OISIOHTIOn Index 


P.F?25 


AlLlSON CIKCU*^E LFEnTI AL i«tCOVEKY InOEX 


MIMKUr 12,; 0E6»tF StCTOk «... I , M US -F I OPOI NT s 15P, , 

MAXIMUM 20f UEG»tf SECTOR ■ I,kM6« 


ALLISON ClkCOH.f fckf f.Tl AL OlST(JkTION JNOEX 


kThETA * • P,e2?3 


AlLlSON COnPUSITt UlSTCBTlON IriOfcX 



iNLcT TEST NASA-ARC A^wd^-FQOT wjwn TUNNft 
(E^iCLISH U»^IT5) 


TMFF 

6 »aa?» 


Cl)Ay 

- l«r 


CMOMH 


CYEab 

- 7 fc, - 


<»tC0VE'»T(a{») l.?i57 


i^T s 150» OEGriEiS 


kF .“ oUt^PjoUTHU:. CXT^A <o.Ol 

Al^’'E:.Drx b 


WA 3Har- rime /4 


u'O/y: 


ilUUiUU'I FitAj.. I. 2^ 


7b ba:v 


0 

1 


[I V/c 




Yaw 

Mchaept 


SiDE; POieCt 


I 4. ?^ITC*4iO<S, 

'^ar; Tr I momcmt* 


130.<) 


I 


% 

Sf X/EJ^C, 

+ 


peA^ 


sitie. R3Pr.(L. 


eoL.^ 

VAoM-GUrr 


Model Follcb Mmsoe-EM^/^rs- 
O^/E-A/r^r/o/J f J/<^A/ 
COAJVf:M7'LON IT 



REV SYM 


/EHWJE^AfC NO. \G-<fl»Tj94 

PACE 


:,^ \ SI*-. 






To 


W. M. Shaln 




cc: J. Syberg 

Subject: Instnunentatioo Report, Test 2532 - "Quiet Fan Ebgine Inlet 

Evaluation For Lift/Cniise For Airplane.” 

Reference: Your Test Instrumentation Request #1620 dated 3-26-76 

For the record we attach simplified block diagrams and give below pertinent 
details of the Instrumentation used in the subject test, which was performed 
at the NASA Ames 1*0' x 80' Wind Tunnel, Moffett Field, California. 

A. SENSORS 


Chnl. 

Sjrm. 

"Variable 

Description 

S/N 

Sensitivity 

100* 

S/V A 

Scanivalve "A" 

Statham PM131-25D 

22188 

lODO cts/psi 

101* 

S/V B 

It 

"B" 

It 

35781 

II 1 

102* 

S/V C 

If 

”C" 

•1 

50888 

»• 

103* 

S/V D 

M 


11 

57573 

II !i 

300** 

S/V E 

II 

"E” 

I* 

57571 

II 

350*** 

S/V F 

II 

np»» 

Statham PM 856 - 25 D 

333 

It 

070 

Ptt 

Press, 

tunnel total 

" PM6-1 D 

6329 

II 

071 

Pst 

If 

” static 

" PM6-2.5D 

11239 

If ^ 

072 

Ttt 

Temp, 

" total 

Roscmount 104 mA 

A4664 

ICOO cts/V 

084 

Pdcl 

Press, 

dyn, core 

Kuliie XQLO 93 -I 5 

307 

33,334 cts/psi^ 

085 

Pdc2 

It 

It II 

II It 

310 

087 

Pdfl 

fl 

" fan 

" 2766-5 

28 

II 

088 

Pdf2 

II 

ft It 

fl It 

48 

ft 

089 

Pdf3 

II 

II If 

II If 

30 

ft 


••and every 4th channel thereafter '•^^•and the following 10 channels 
***and the following 47 channels 


Hamilton-Standard provided the sensors for IQ. rpm, K2 rpm, exhaust gas temp., 
torque, power lever angle, fan blade angle, and 12 other •temperatures. NASA 
Ames provided the sensor for Alpha (Model angle of attack) . 

In addition w; provided other sensors for displaying certain key paramet.ers 
on x-y plotters. Tliese were: 


Parameter 

Sensor 

S/K 

Remarks 

Pc 13 

CEC 4-326-I5A 

^ 70 *) 

Fed into a pressure a* erager and 

Pc 33 

II 

5512 /■ 

the numerator of on aiiolog divide 1 

Pc 37 

•1 

5559 \ 


Pc 38 

II 

SOlZ-’ 


Ptt (abs) 

Statham PA 822-15A 

4603 

Denoffl. of Analog Divider 

Inlet Profile 

" PM 13 I-I 5 D 

8768 

Sens.: - 1 psi per in'.h 

Rake Posn. 

Resistor Tree 

None 

Sens.: - 1 port per s^i.ep 


I 

J 


B. SIGNAL CONDITIOKERS 

1. Pressures: Twenty power & balance units, NLS model l400 or Sigma 

Model SC-610, were used. Their excitation voltages were as follows: 
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s/v 

"A" - 4.678 

VDC 

Ptt - 0.410 VDC 

Pfd 3 - 13.103 VDC 

If 

"B" - 5.770 

II 

Pst - 1.120 

Pcl 3 - 1.468 

n 

"c" - 5.172 

ft 

Pdcl - 5.968 

Pc 33 - 1.491 

tt 

"D" - 5.316 

tt 

Pdc 2 - 4.620 

Pc 37 - 1.500 

ti 

"E" - 5.306 

It 

Pdfl - 10.163 

Pc 38 - 1.490 

tf 

"F" - 8.81c 

tt 

Pdf 2 - 10.581 

Ptt(abs) - 4.391 


2. Dynamic Pressures ; These were designated Pdc 1, Pdc 2, and Pdfl 
thni Pdf3. After leaving the power & balance tmits mentioned above, their 
signals were passed thru DC-blocking capacitors then magnified 100 
tines by Preston ^^odel 83 OO amplifiers. These were then converted to 
RMS values by Boeing type 6U-32681* RKS meters (which were set on the 
300 MV range), then attenuated by e factor of ten before being recorded 
on the data system. These were also displayed on smal}, monitor scopes 
(Calico Model 7000) and on pointer type indicators (Honeywell MM3, 0-lMA 
range) . 

3« • Other Parameters 


Variable 
KL RPM 
K2 RPM 
£GT & Ttn 
Ttn & Ttc 


Signal Conditioner 
Vidar 326 P^V Converter 

Pace BRJ14-K Ref. Jet. 
Pace BRJ14-E " 


Range 

20KHZ 


If 


Remarks 

Used ♦ 100 attenuator 

tt 

150 ® T Ref. Temp. 

It 


In addition, the. signals provided by Hamilton Standard were buffered by 
Preston 63 OO as^lifiers set at unity gain, then attenuated to' fit 
the data system's 100 MV range. 


C. DATA ACQUISmOW SYSTEM 

Boeing"Standard Digital Data System (SDDS)," Dwg. 64-31305. See attached 
block diagraJD. 

D. DATA PROCESSUS SYSTEM 

Boeing "Tulalip Processing System", built cjround a Digital Equipment Corp. 
PDP- 6 /I cotaputer. See attached block diagiam. 

The software was prepared by BCS' Anne Wenceman and John Benner. The 
digital progrims were listed as "DEC 017", "SKV 017 ", and "PN 026". 

In addition tvo plotter programs were written; "SRV 027" for Inlet 
Pressure Mapping and "SRV 035" for Mach Piets. 

E. KISCELLAireOUS; 


Engine Cor trols ; Although Hamilton Standard had primary responsibility 
for this, we helped extensively. Among our contributions were: 

(a) Fabricating extension cables 

(b) Wiring the motors for lubrication punys and cooling fans; 
providing interconnecting control cables for same. 

(c) Providing a 400 HZ power supply for, and system calibrating, 

the transmitter/indicator systems for fuel press;ire, oil / .. 

pressure end gear box oil pressure. 


A 
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(d) Providing starter systea cables and solenoids. 

2, X-Y Plots ; Three HP 700 lA plotters vere provided and set up to 
oeasure: 

(a) Cowl Inlet Pressures (averaged) ♦ Ptt versus Pdfl (FiMS) 

(b) Model Angle of Attack versus Pdfl (RMS) 

(c) Fan Face Inlet Pressure versus Pozt Position 

3, Fan Inlet Pressure Rake Stresses : Four strain gage bridges, signal 

conditioners, monitor scopes and interconnecting cables vere provided. 


Prei>ared by 


UK. Krlekenbeck 


Approved by 



RHK:sb 
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CHANKEL 

W0= 


DATA SEQUENCE SHEET 
TEST #2532 


DESCRIPTION 


! SENSOR 


SENSITIVITY 


RE»»RKS 



E- rr Tatsi. l“lu:'.£j>.hc^hun'bwhee 


! Pbar ' Baro. Pressure 


1 Date 


r ' 


wheel.' 

tch I 


^gits^ 


I Config. No, 





4 . Run No, &„.Coad,. No,., „ 




LTeit..KQ», 


i JVmes ID No, 


j s 

; 

, : Statham ; 

J^'lJ-XTvuwol-Tpt ,„Pre^ i PM6-1 


! PM6-1 

I Stathaa • 


Pst,„;. — — Static. Press, I Pf' 16 - 2 . 5 . 1...1000 cts/psi 

;■ Posetnount 


.| " ■ T emp, 

j Erjgine 

I L P Rotor RPM 

! Engine 


Kg [.HP, Rotor RFM_ 


i ioUma 

^Beckinan 

I U60-W 

iBocjonan 

i 4tO-6o 


.1000 cts/®F..„ 


1 ct/RPM 
1 ct/RPM 
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7-/4- 74- 






.L.ssivi-rr'-'^Sgg”' 


0 i 


A. 

IV 


X 


S^ 


DATA SEQUENCE SHEET 
TEST j5^2532 


T' 


1 

1.. 13 ■ 

075 

1 

L.Tt7 

thern:ocpl.1 

Eng.ine_Exh. Ga^ T^^^ Type K J'pable look-up. 

] ‘ "1 Ilam, Std. 

Torq.ue . Ham. Std, j will provide. 

H 

076 _ 



i i 

L - 077 1 

1 1 i Ham. Std. 

Beta Fan Blade Angle Ham. Std. ‘ will urovide. 

1 

1 16 

i 1 

078 I 

: ; Ham. Std. 

PLA iPo^’er Lever Angle Kam. oto, ,^^^^,1 provide.„. 


I 079 i.Ttnl -E5ch..,Koz. Temp. 

r -‘ 

1 18 


Type K . _ ; look-up. 


\ 


12 : 

20 


1 21 


-22. 


^ 23 

i 24 


Thennocpl, Table "K" 

p80 ^_Ttn2 ;jbch. Koz, Ten^, „.-_.Ty?« . look-up. 

.; ; • Thereocul. Table "K" 

08l_, ! Ttn3 Exh. Noz. Teinp.___^ Tj'pe K. look-up, . 

‘1 ‘ Thermocpl. Table "K" 

082 __4...!)K;nk.Exh.„Npz...Tei!^. Type K , . • look-up. 

i Thermocpl.! Table "X" 

,083 w.Ttn5..Exh^.lIoz.-Ten5), Type K | look-u?.. 

\ i 133,334 cts/PSI 

084 I P dcl Core Dyn. Press. Ku3.ite 

!33 , 334 'cts/PSI "T 


r-“ 


i 


I .. ... 

I 
I 


083 I Fdc2 C o re D yn. Fre s s_._ 

086 ' Pdc3 Core Dyn. Press, 


4 _„ Kulite 


133,334 cts/PSI 
Jiaite.|R;'K 


fScvr. 7*/V-7<i. 


REMARKS 
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CKAM^ 

NO, 


biM. 


DATA SEQinSNCE SHEET 
TEST #2532 


D^SCRUirT ICIJ 


: 37 L 099 . 

i38 i 

100 

i 

39 _ J 

101 

i 4o J 

. -102 . 

i i 

141 1 

1 103 

i 1 

1 

r 

1 

'44 

U350_ 


1 s/v ' 

f A 


I Scanivalve_A 

f " B 


* 




SEifson 


1 Statham 


1 rtT^nrej t ip 

REM^PJCS 

■ 


-1000 -cts/PSI 

! 

tt 





-~r — 




V 

j 




and every ¥th channel t.hereaTter; see Scanivalve Channel Assignment Sheet 
end the following '+6 channels; see Scanivalve Channel Assignment Sheet 

m and the following! 11 channels, ; | 

^ i T i ! 
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-£QI?S,._EARAMCT^ t f A RAMETIS^ADDR 


JL 


..3, 


..X.. 

8 


X,J 


SCANIVALVIT" 


HOKE 

_REF 

blMCf' 


Ptc-1 


Ptc-2 


100 


104 


108 


.Ptcr3- 


XtcX 

Ptc -6 


116 


Ptc -12 


124 

128 


'T 


SCAimALVE 

fti>« 


HOJ'E 

REP 

DUMMY 


Psc-1 




Psc-2 

mz3... 


Psc -4 

Psc-5, 

Psc -6 


._. 13 . 2 „.[ Pse. 7 _. 


10 ! Ptc-lli 136 j Psc -8 

‘ ' ' 1 DUMMY 


I 

: 12 


I- 


14 

A5. 
16 


101 


105 


109 


m 


„1X-. 

1 21 

125 


SCAHIVALVE 
••ff" 


HOME 

REF 


-II 


Ptffi-18 




Ptm-20 


;...ADDB..|A|^ 


_i02_ 

-ipi„ 
110 _ 
. 11 ^... 


Pc-1 


126 


SCANIVALVE 

::d" 


ADDR 


REF 

bu^ 


103 




Pc -21 I 111 

'DUMMY ' 1 “ 


jec:: 204 .aA 2 -^of 


P?-19_4 

DUMMY 

j. removcd &._replaced 


Pc -37 i 131 - 


X?9_:Pc~2 ! 130 

rDUi^lY 1 

-I33..4 iji _-134 L-Pc ,38 135 

Xj I DUMMY 


1 


137 . -■ Pc -3 ; 138 

"" “iDUi-ffDf '* 

ptc-ioj . n ] l 4 l.j Tj.., 142 ...i.-Pcr 40 . ; -Jl43 

r j PTIC.*i j ® 

Ptc-8.! ..-144 ; Pte-2 |. ^ 145 „J..Pc- 4.„4 i 46 .- 4 .-Pc.=. 4 jLi _i 47 -. 


I DIM-IY 


JJ-- 


18 


19 

_20_ 

_21 

22 


_Pt.C.- 7 - 


„1H0„ 


...^^1.3_„152_. 

* 

Pfcc-3Aj ig$.,^ 

Ptc-1 ^ .1§P_ 


,-?tc:Ll8L„..l68. 


. Pbc-24| 172 ... 

Ptc -23 


Ptc-22' 

4 

Ptc-2l! 


! 23 i-PtC.-r20i 

1 ^ 

i 24 


j. 8 ^l.. 


- 188 — 


-Pte^l^. 192 . 


-- 1 
Ptn-1 

.149 . 

i.-Pc-5.._.L 

..2c53u... 

1 

Lp. 0 .-r 6 .-| 

.J^n- 2 .„ 

-.-197. 

j 

,-.Pc.-7 1.-.- 

Ptn-4 

161 

Pc -8 { 

Ptn-5 - 

. _l65._L.Pc -9 i 

Dui-E-nr 

-~-T 

...169., 

j 

;„PC.-,104 

\ 

Pn-l, 

173 .- 

\ 

.^Pc-llJ 

i 


-... 177 .-. 

.Pc- 12 j„.. 

.Pn-3— ! 

j 

18 I-, 

DUMf^Y i 

mmm } 

— 

'SBifc' 

...185- 

Pc -13 j 


1 

4L 

H 

Xcr.l4_l 

Ptm-l 

1 

( 

1 

! 

-.193-- 

t 

i 

-Pcvis-L- 

1 

! 


.Pc"43 I -.-155 


--PCrr44.1 - 159 .. 


DUMMY: 

— - 2 .- 167 - 


Re f, port s plumbed, 
to Pam 3 outside 


! : 
. > i 
* I ^ 

I! 




I ! 




y 





ADDRESS/PORT NO. 
SCANIVALVE INTERLACE MODS 


Check: <fT^ C 




. Stuvor Date 




L2^ 


.26. 


SCANIVALVE 
I’A" 


SCANIVALVE 


PORT fARA ME TER AD DR FARA METER A DDR PAR^gTE^ ADDR PfiRAMOTE^ AT^nB 




£te=26_i ,200- 


27 i Ptc-27 


28 i Ptc-28 


20U 

208 


; 20 ; P tc-2 9 I 212 


Pfcm-2 


Ptm-4 


_1^7_ 


Ptite3J---2Q3L4-Pc=a6. 






-2Q9_ 


213. 


SCANIVALVE 

"C" 


-IJ 


SCANIVALVE 

"D" 


..198 

-.292. 


.Ptf-63 


♦ 

Pcsia J 21?L-j_Ptf .r.5Lj 





to Pamb outside 


21JLj...0t..W/T, 


f 


Pc -39 1 2l4._.|..ptf-52 215 . 1 -^.C-.15> 33j.A-39_ 


30 ' Ptc -30 ; 2 16 j j 217 j Pcr36 j 21 8 ; ptf-53! _.. 2 , 19 . 


\ 31 

; Ptc-36 ; 

220 

: Ptm-8 221 

Pc-35 

222 

' Ptf-54 

; -223 ..j._ 

with Kulitcs. 

i 32 

Ptc-35 . 

224 

Ptm-9 225 ; 

Pc-54 

226 

..Ftf-55. 

f 






bUMMI 



t 


^ 33 

Ptc-34 

228 

• Ptm-10 229J 


....._23Q... 

_...Ptf-56, 

. 231- - 



♦ 


; DUMMI 




1 


34 

Ptc-32 

232 

; n 233 

Pc -33 

234 

■ Ptf-57, 235 : 


: 35 

Ptc-31 ' 

236 

■ Pm-l , _.237. • 

Pc-32 

[ 

238 

Ptf-58 

i 

. ...233...1. 


■ ^36 , 

.: ?tc-37 . 

24p 

■ Pm-2. ,4._ 241 ; 

pc-31 

..242... 

.. Ptf-59 

i 

243 , . 

. . ...... 

37. 

J.ptc-38* 

244 

Pm-3 2k!j> ' 

PC.-.30 

■ 246 

Ptf-60' 

... .2.47 

«■ 


^ ' 




DU?^-TY : 



; -3.8... 

..JPtc-40 

.248 

■ Pn-4. 259 . 

-pc-29 

. 25.0. 

7: 

25I- 





i Dia-Mf 


J- 



1-39.-.. 

._ptc-4i.,;. 

-.252. 

. ri ._. 253 . 

Pc -28 

. 254 

. ptf-i ; 

:. .255 , 

- - 

• 40 

; Ptc-42 : 

256. 

. .Ptra-U _..,257. ■ 

-pc-27 

258 

... Ptf-2. ! 

259-., 



„4l._ 

4 Ptcr48 , 

...260 

; Ptm-12 .261 1 

..Pc -26 

, 262 

.. Ptf-3 • 

263 ! 

. - — • • 

‘ 42 

i 

.;...Ptc-47 , 

264 

‘ Ptm-l'^ 265 

pc-25 

.266. 

' Ptf-4 ■ 

,267. .4 


L__4a- 

.;.-JPtcr46 4. 

-268_ 

--Ptm-l4-. . 269... 

..Pc-24 

270, 

.i. ptf-5 ; 

. 271 . . 


' UL 

Ptc-45 

272. 

Phm-T S 27^ 

-Pc-23 

j ^2.7.4_. 


275 


4s 

' Ptc-44 

.276. 


._Pc-.22 

..,._2.78 , 

{ \ 

ljpt£-7; 

279 



: * 


wUi— JL«Vj^** — 

DUMMY 





46 

Ptc-43 ^ 

280 

Ptra-17 .281 

— 

. 2QZ 

Ptf.-.8„’ 

.283 

K 


“ bwiMV ~~ 


DUMMI 

Dui^MY 


DUM-IY ! 



i 4,7... 

.71 : 

p8V 

... , T L. -265 

286 

n : 

..„.2.87 

R 


JJ 





1 



.. — 48 — 

.-_SEF 

_2.88 

REF i 289 

-REF...,. 

290 


29/ . 

R 


r 


i ' 1 


* 

N t* •* 

i j 

1 1 

i 

, J.Y r- - ^ 


Check 


Ej^J, Stuver 




ADDRESS/POKT NO. 
SCANT/ALVE DffERLACE M ODE 

6 -/S- 70 
Date 


4r. 


/! 


7%-Co'?-^ 


-2-of-~3- 




1 

..^Q3T_jkRAiMEITLl.AIffill j 

PQKLJ 

j 

__48 

REF 

’ 

. _300 

. .. .J r T- 

24 

i 

1 

1 

1 

DUMM3f-T 

-301-_. 

25 


I PORT PARAMETB R AD DR PORT PARAMETiR . ADDR. 

I j ) 

1 24 Ptf-4 4 3 24 J 350. 

I «♦ ! 1 I 

]„_ 2 L- 4 -Ptf .-39 .325. . i DIMCCrn 35.1 


^2„..i_py‘-£|_302. 

! 3 i.JetX-10! 30.3. 

! • i 

I 4 - J. Ptf- 20 ; . 3 o 4 


..LPtf.-3^— 326 , 1 2„1pp-i ^ 


«« ) 


L 1..... 

! Ptf-19 

305 

i 6 

i ptf-18 

306 

f„. 7 

, Ptf-IL 

307 

i 8 

Ptr-16, 

308 

. ^ 


. .309 

^10 

; Ptf-l 4 j 

.310 

_-Xl .. 

. PtT- 13 ; 

311 

.-12. .. 

- Ptf-1.2; 

312 

; 13 

; Pt.f- 11 , 

313 

L -14 

j 

- Ptf- 2 lL 

. - 314 - 

L- 15 

; Ptf-22!. 

-315 

’■ 16 

Ptf-23! 

--316 

i 

‘ 17 „ 

' Ptf- 24 ^ 


Lj. 8 _ 

t 1 

Ptf-25_ 

-318 

L. 19 .-, 

' Ptf- 26 | 

. 

„319 

; 20 

■ ptf-27: 

. . i 

320 

■ 21 

’ — — 

;_:^f-28: 

._.321 

■ ^ 22 ,... 

Ptf-29 

.322. 


t 

-,Ptf- 30 i 

i 

j. 

- 323 


Ptf-^7 

„_327 

3—PP-2 

*♦ J 

Ptf-3Q 

1 -328 : 

.4.. 

-!pp -3 

♦♦ 1 

Ptfr3^ 

329 ; 

5- 

PP-4 

** I 

Ptf-34 

330 ; 

6 

PP-5 


Ptf-33 

. 331 _ . 

7., 

-PP-6 


ptf -32 

332 , 

8 

,PP-7 

*♦ ! 
Ptf-31 

j 

333 , 

.9. 


! 

Ptf-4l 

. 324.. 

.10.. 

puw-i; 

Ptf-4^ 

- 335 .- 

11 

. REIi’ .. 

1 

Ptf-43 

■ 336 • 



....... 


..355 

356 


358 

, 359... 


I .. .37 ..Ptf ^44 ..—^37 =. 

' i i ' ' 

; — 38- — L. pfcf- 4 ‘i — 338— -- 

■ ; •! i 

39 -.\- pti : r . U 6 339.1* 

; 1 I ■ - 

.40 ...P‘t.f- 4 l__. 34 o_ 4 . 

i..ptf- 4 a .. 34 i..i 

j Ptfr49 „._342.,., . 


■** Teed to pneumatic step sw. 


_ : ,Ptf- 5 Q_ 

343 ! -.-J 

• 1 ; 

. ruj-m’" 

1 

-..- 344 j_ j 

1 1 * 

' ^ 1 



• i 

.. . Pc -42 

J 1 

.....345 j ...j 

! i 

1 i : 

"r r 

; DUM-iy . 



47 .- L^ . V.-..347 j -i 

j ...„L i L, 

ADDRESS/PORT MO. 
SCAWI\^ALVE IRTERLACE MODE 


I 


Check: 

Stuver 


£.zJ:^rc 

Satie 


; ESPRODUCIBILITY OF THE 
ORIGINAL PAGE IS POOR 

ii* 4 Kr»tL 3 « 6 ai!Esa«iaEs«Biicw*^^ 




■j>6 0'^2L 


TBC 4 QSGt. - IjcT^c "TUk.o^st 



I &C ^ Q'SEG T^cv/. "THi^oST Te:.’^ 


TABLE 3.3 (continued) 
SDDS SEQUENCE SHEET 


» 

i 

l SEQ. 

1 CHAfJNEL 
I NO. 

? ! ! 
! -37 1 QQQ J 

i 

j-38 , 

f ' } 

I ! 

S 100 j 


SYM. 


DESCRIPTION 


! S/V ; 

i A ‘ 

' A ! 


j Spa re 

[Scani valve A 


i_32_| J. 1 . 

i-te . [. ig-(^g. t 1. 

;_iL.Jjl03 l>>: ,D..„ L-_^ 

i “ 

1—1*3 L.3QQ [ 

t I ^ t > 


I SSKSOR j 

I 

I ! 

i F ML31 j 

f ( 

1 »• ^ 

inii” 


sEKsmvrry 





REMARKS 



1000 cts/psl 




and every |Uth channel thereafter; see Scanivalve Channel Assigrment Sheet 
[5^ and the following h6 channels; see Scanivalve Channel Assignment Sheet 

? f { ■ j 

|'i5> ^d the followirg 11 channels. I j 1 . 

= j I i j ! 


Page U of 7. 


QSEE INLET 


SCANIVALVE ! GCANT/ALVE 

«•«•• I *tgii 


SCANIVALVE 




SCANIVALVE 

"D” 




PORT 

PARAlffiTE 

^ ADDR 

1 

PARAMBTi 

31 ADDR 

1 

PARAMBIE] 

\ ADDR 

PARAMETER 

• 

ADDR 



I 

1 

HOME 

REF 

-,100— 

1 HOKE 
i REF 

-101 

HOME 

REF 

log 

home' 

REF 

103 

I 

2 

i 1 ^. ^ 

DUMMY 

O- 

— lak— 

i DUJ4MY 

i 

10^ 

DUMW 

{ 

L 

—106 

DIM4Y 

“1 


• 

i 

\ 3 

Ptc-1 

^_JL 08 _. 

1 

,109 . 

, , 

■ Ptm-1 

r 

8- 

110 , 

X 

1 

.JJ.3L 

Ref, pox*ts plumbed 

L-ji_ 

LPta-^ . 

- -112_ 

1 

i._PSC.r2.r 

i— JJ.3 

Ptm^lO. 

118 , 

DUW« 

T 

115 

— .tQ-i’aniJt.QMfes.ide-.Qf 
w/t. 

■'■ j 


— U 6 — 

i 

^_Ps.C.ra„ 

117 

A, 

' 

Ptn-20 

... 

i 

TI 9 j 

; 

6 

Ptc-k 

120 

1 

Psc-4 

121 

DUW'fY 

1 . 

•122 


1 

123 ' 

.-,?M-15, 33>.&..32 

7_ 


■ ,„i 2 k , 

Psc-5 

125 


326 

DUMMY 

-n 

127 

removed & replaced 

8 

Ptc -6 

128 

Psc -6 

, 



' 

130 • 

1 

131- 

with Kiilites. 

I 

9 

Ptc-12 

l'-t 2 

Psc-7 

033 

DUW 

— 

u. 

_J.3lj .. 

..I 35 J 


10 

Ptc-11 

1^6 

Psc -8 

137 

] 

-I 

138 

DUMMY- 

‘1 

i 

139 

! 

11 

Phfi-lp 

, i4o 

DUf-i-r/ 

■7 

Itn 

“■DwW 

- ’ -_lJi2^ _Pc.r-J 

143 , 

i 12 

Ptr»-ft 

Lk.k_, * 

Pric-L 
—Pt/Ore: ■■ 




_-lk6. 

DU3-ir.rY 
n 

.147.:..-. 

1 

; 13..—, 

Pfcc.y 

lUR 

DUM-fY 

"1 

ikQ ; 

Pcr-5 


t 

150 

Li 

_Pcrr2 . . 

.151.-: 


1 

L „ 

Ptc-1^ 

1S2 

JL 

153 i 

Pcr-6 


iDUMf-fY i 
35 k 1 


H 

\J\ 

L 

[ ^ 

1 Ptc-lk 

13'3 

Ptn-2 i 

_.i5.7.4 

Pcr-7 


1 

158 i 

1 1 
Pcr-3 

159 ; 


16 

5 Ptc-l6 

16) 

Ptn-k 

161 

Pcr-8 


zz 

PCX.r.k. 

.. . 

uz 

; I 

' ?fcc-17 ! 

16 » 

Ptn-5 

t 

165 1 

Pcr-9 

' 

3.66 1 

DUMI-iY 

— J 



^ 18 

1 \ 

' Ptc-l8 • 

— 16 L_ 

' DW^-rT" 

Z'"i' 

-JPnrX.- i 

_„169 1 

Pcr-10 

170 

xri 

• Ptf r-l ^ 

171 ’ 


\ 

Lj^ _. 

Ptc-2k : 

172 

1 1 

i ■; 

- 173 J Pcr-11 ' 

1 i 

17 k : Pfcfr-2- I 

.175 ! 


I 20 ‘ 

Pfcc-23 

17 S 

\ 

Pn-2 i 

--.177.! 

t 

Pcr-12 ; 

178 ; 

Pfcfr-3 j 179 ‘ 


21 

_Ptc-22 


Pn-3 J 181 ’ 

DUI4MY 

•n 


182 : 

Pfcfr-4 

183 1 


, 22 

Ptc-21 

.J.84 

1 

Pn-lt j 

i 

, 185 ! 



Pcr -13 186 : 

1 

Ptfr-5 { 

t 

I 

i 

1 ft? ‘ 


„._23.__™PtjOr20.„ 

-_ 188 __ 

DUMMY j 

189 .. i 

i 

Pcr-l4 J 

i 

—3.90.. 1 

i 

Ptfr-6 ' 

IQl 1 

—2k 

-i!lic.=19., 

1 

.JL92 

• JJ 

Ptm-1 ; 

! 

_093j. 

f 


1 

VJ1- 

l 


i ( 

_195-4 



!.:>««< .VJLi.rir xA»«v: iwa -nV-UW .itev * • t "J^*r-?s-r '4 -.• r 


ADDRESS/POKT NO. 
SCANTC<^LVR INTEKLACS MODE 




QS-G€ 

/>' 


QSEE_I^ET 



SCANIVALVE 

"A" 

SCANfVALVE“ 

"B" 

'SCANIVALVE 

"C" 

SCANIVALVE 

.. .-e 


PORT 

PARAME7TS 

AD'OR 

ARAMETER 

ADDR I 

araketeI 

ADDI: ] 

ARAME7TER 





ADDR 







DUMMY 






' 25 

Ptc -25 

196 .Ptm-2 1 

197 

“L 

J 

..._198 

jptfx=a__ 

I.122L.J 


26 

Ptc -26 

2>00 

Ptm-3 

201 

J 

Pc«*i6r 

:1 

202 

Ptfr-Q 

203 

pnrt-jf plumbgr^ ‘ 

27 

Ptc -27 

204 

Ptm-4 

205 

■Pe-fcJ 

206 

„Etfr-10_, 

..20I„.. 

.tCLParab...QUtsi4e ! 

28 

PtC -28 

PO 8 

Of* 

209 _ 

j 

Pr^xd*- i 

.210 . 

_Etfr^20L_ 


/ 

29 

Ptc>29 

( 

212._J 

i 

Ptm-6 ! 

213.._. 

1 

_2,l4 . 

Ptfr -19 ^ 

r~ -J 

i 

L_215 1 

i 

,.PfcC 14, 33,_ & 39 

^ ' 

: 

Etc.=3Ci~4 

. i 

_2.l6_ : 

1 

Ptm-7. { 


-Pe-36' 

i 

218 

Ptfr -18 

1 

219 ‘ 

removed & replaced 

1 1 
1 

^31 

Ptc -36 

220 ■ 

Ptm-8 : 

221 

1 

-Pe-3^.- ': 

222.1 

" 

Ptfr-17... 

22.3 : 

_ vith Kulites. 

32 

' 

Pfcc-35 ; 

1 

-22k. 1 

Ptra-9 • 



_ 225 _ . 


226 

Ptfrrl6.. 

; 

. 227 2. . - 

' 

i 




DUf«-1Y 



■ 



33 

Ptc-34 ! 

228 ‘ 

_Ptra-l0 ^ 

22 Q 



.-. 230 .-. 

Ptfr-T-lS- 

231.. ! 




i 

DUMMY • 




; 


L3k :Ptc-32_: 



-..^33-. 

.... 

234 

Ptfr-l4 ^ 


‘ 

_:55 



-Li 

Pm-1 ! 

237 



238 

Ptfr -13 

239 


36 

l^c-37 

240 

Pm-2 ■ 

241 

r 


242 

Ptfr-12 

..^43 . 


i 37 

Ptc -38 

244 

Pm-3 

245 

^— 30 - 

^^246 

Ptfr-11 

24? 


! 

38 

Ptc-4o 

243 

Pm-4 



- 

: 250 

bUElMY ; 

n * 251 





DUf'3*IY 

i 



j 

.jL-’i 



39 

Ptc-4i ' 

252 

1 


Pc-£*8* 

i 254 

Psel-l 

255 


U0_ 

Ptc-42 

' 25 s 

1 — 

; Ptm-11 

_ 257 


1 

Lji5.8„ 

Psel-2 • 

259 

1 »%_ -1 

M 


260 . 

[ 

! ptm -12 

261 


i.„..J- 62 ._ 

i..Psel-3_. 

263 . 

; 

42 

PtC -47 : 264 

r " 

1 ptm -13 

265 

•^-^35’* 

j 266 

Psel-4 

267 

{* 

■ 

I 

:nc-46 


1 

1 Pfcm-l4 

j 

^. 26 s_ 


) 

. Psel-5^ 

• 

271_ 

r ’ 



272 

lPtra-^5 

273 . 

Pc-23* 

i 274 

( 

! Psel-6 ! 

275 







— 



1 


^ 


'Ptc-44 

|_--.276_ 

..£t.rarl6. 

277 


! 278 

1 peciT -7 

P7Q 

\ 



1 



bu>MY ~ 

— 

t 



1 





281 




282 

i 

1 t 

283 

i 

J 


DUMMY 


DUMMY 

i 

f 

DUMJ-5Y 





-47 

• 1 - 

L-2Bk-. 

-X_ 

|--J285_ 

1 — 


23$ 

J *1 • 

287 

( 


JL 

1 

JL 


|— .r- 



i 1 ; 


V— * )>— , ♦ f«yr *- r . . 

48 

(ref 

1_..288 

REF 

i._289.,. 

!RSF“ 

i- 

290 

i pi-* 

' REE 

PQl 

1 

1 

I 

L,_ 



L. 










ADDRESS/POBT Ko. 
SCANIVALVB INTEmCE MODE 


r''‘- 


SCANIVAL\'E 


QSEE INLET 

S(SnivalVe ' [“scanivalve"' 


scanivalve 




















SCANWALVE 

"A" 

SCANIVALVE 

"B" 

JLWLJCil 

SCANIVALVE 

"C" 

SCANIVALVE 

"D" 

1 

PORT 

^APAMETE] 

i ADDR 

?ARAMBl’i 

-R-ACbR 

?APAME3E4 

HOME 

REF 

,„.AJ3DE^ 

>ARAMEr.EIL-iP.P.fL. 


1 

HOME 

PJEF 

IQO 

HOIJIE 

REF 

101 

102 

HOMt; 

REF 103 



DUI^iy 

1 

104 

bUMMI 

ZL 

105 1 

DUiiMV 

106 _. 

107 „ 



1 

Ptc-1 

108 

Psc-l , 

m. 

3h 

„J4.0_ 

^^Pcr21.-. . . m 

Ref— .-ports . plumbed 
-toJEamE outside ! 

J 

i k 

£t£-2 .. 

112 

_ PsCr^, 

r 313 

i 

Ptm^i^; 

Il4..... 

DUMMY 

n 115 

L 5 

Ptc-3 

ll6 

„?SCj3, 

U7- 

. 121 

Ptns-20' 

™U8 - 

ipJm* 

Pc-20 , ,119 , 

of W/T. , • 

1 

■; 6 

Ptc-4 

120 

Psc-4 

DUMMI ! 
1 ^ 

122 

Pc-19 123 

Ptc..l5, 33, & 39 

■ 7 i 

Ptc-5 , 

124 

■ 

. Ps{i=5h 

. 125 ... 

JL 

pc-i : 

_ 12_6„ 

bui-5MY 

127 . 

.j:e.no.y.c.d.. fc.r.eplacec?. 

I 8 

Ptc-6 

128 

Psc-6_ 

129 

, 

Pc-2 

_„13.Q_- 

i- 

,_Pcs37 . I.3.L.... 

..vitlL)Sulili;a.t : 

— 

^ ! 

Q \ Ptc-12 

132L-., 

„is.a"7. 

133„ 

Dlff-IMI 

“7 

134 . 

_2crlfi 135„». 


. 

^ 10 

Ptc-11 


Psc-8 

13X- 

J. 

Pc -3 

. CmiY 

,138__1 q ,339.._. 

• 

11 

■ 

Ptc-10 

J-^L. 

DUfW 

1, 

i4i 

DUJ4MI 

1 

_.l42 „.2c.-.40 ...1-43- 

. 

i 12 



D4- ft 

,...a44..„ 

148 

7"" "T 

Pnc”^ 
-P< 0-2, 

__,-145.. 

JL 
Pc -4 ^ 

.... 146 - 

Lpc-r4l ..147-- • 

I 

i 

; 13 

Ptc-Z 

BUMiMI 

1 


. 150 . 

.^Pc.t42 151.-, 


; .. ■ 

Ptc-13 

l‘:2 i Ptn-\ 



: 15R 

^_Pc-6 

. 154 -1*0-43 155. . 

i 

1 1 

? 15 Ptc-l4 

156 

[ 

: Ptn-2 

1 157 ^ 

■ Pc-7 

„,158_ 

Pc-44 159 ... 

t 

T 

\ _ , 

1 16 

— 

f 

Ptc-l6 

l£0 



Ptn-4 

1 

! 161 

J 

Pc -8. 

i 

1 

162_ 

i 

Pc-45 163_ 


1 17 

1 

Ptc>17 

16.4 

Ptn-5' 165 

l..P.Cra_ 

J 

L.-I 6 . 6 — 

! DUMf^Y 

.167— 

i 

? 

i 

i 18 

i 

Ptc-l8 

lf>8 

n 

169 


i 

L„,170._ 

X 

l„P1:.?Xrl 171.,. 

I • 1 

i 

i 19 

t 

Ptc-24 

172 

zt 

Pn-l 

173„ 

{ 

^ pc -11 

1 174 „ 

LPtPr.r2..._,lL5-. 

} 

' . .. ^ 

! 

1 20 

Ptc-23 

r'6 

1 Pn-2 

177 

) 

Pc -12 

1 178 

! Ptfr-3 179 

1 

( 

! t 

t— 21 ..._ 

L 2 tCr 22 

ifiQ... 

I 

i. 1*0:3.- 

„ -JL 8 I- 

pbuMivii"'' 

. — ^ 
.-^Pcrll- 

! . 1 R? 

L..T>i-.-rr-4 183 

; t 

i —22 

L-Efcc^ 2 l 

! if}h 

1 .En‘^?4 

iRs 

r 

I -lAA i PLfr.-5 187 

i 

\ 

). 23 

1 

Ptc-20 

IRR . 

DUMMI 

i 1 

189 

t 

1 PCr.l4_ 

t 

\ 

! 

j 190 ,-.- 

i-_Ptfr.--6-..191.- 

j 

! 




[ jj 


1 

1 24 

U?tcrl9 

V 

1 


Ptra-l 

ii3„ 

PC -15 

\ 194 

|__Ptfr-J_J:9.5,.. 

j_ 

i X 



- 

* 

! 

i-. 

! 

! 

j 

L 




« i 


REPRODUCIBILITY OP THE 
ORirrlNAL PAGE IS POOR 


ADDRESS/PORT NO. 
SCANIVALVE HITERIACE 1-10DE 








'.kl. 


PORT PARAMBTEI ; ADDR ^ARAMETS R ADDR PARAMETER ADDR PARAME TE 


25 


_26 




SCANIVALVE 


"A" 


Pfc£r2$. 


£b£:r26. 


Ptc-27 






TBC INLET 


SCANIVALVE 


"B" 


-Etar^. 


f-PtB-3- 

Ptm-4 


.205 2Q9-. 


? i -Pb m-6 


1^30 


i— _3i ^-Ebiis36-, 

220 

-.-32^ 

-.]j^c.r35 . 

224 

-JS3„ 

-l.PtcT34 - 

228. 

^34_. 

1 

_,LPtCr32.. 

232 

i-_55- 

r 

„LPtc=31-i 

j 

-236 

L ^ 36- - 

i 

24 d. 

1 

1 37 

; ! 

: pfcc-38- ' 

-2.4.4, 

! 38, 

1 \ 

\ Ptc-4o ; 

-.24,8. 


Pta-5 - 
Pto-10 

1 mwy 


,-..JL97_ 
2D1- 




SCALn:VALVE 


DUMMY 
..Pc=l6, 


.2c.d,I. 


^13- 


L-PerJL54™5IQ 


•2C-3SL 


SCANIVALVE 

Hrxlt 


2Q2_ 


^.0.6,.. 


I 


1 


Ptfr.ra., 

Ptfr-9~ 

Efcfrraoj 

nti^zZQ. 


ADDR 




‘ 


k 




2ilipc:3l4_mi?tj^rri§ 2;9-., 


_P?n-3>.- 


L—5S., 

I 40 
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PURPOSE: 

DISCUSSION: 


AP DOC 

SUBROUTINE WRITEUP 
22 November 1976 


Subroutine EXTRA6.01 
John L. Benner 

EXTRAS. 01 calculates the Allison Distortion Index for the 
NASA-AMES TEST 2532. 

The Allison Distortion Index is calculated using the following 
procedure. First the rake average total pressure for each of 
the eight rake arms are calculated. Next the rake average pres- 
sures for 12 imaginary arms are calculated. These pressure have 
the following relationship to the actual recorded pressures. 

j 

1/6 Actual 
Rake No. 

1 
6 

7 

4 

5 
2 

3 

8 

Actual 
Rake No. 

6 
6 

4 
2 

From these rake average pressures, the twelve contiguous 120 
degree sector average pressures are calculated. The minimum 
120 degree sector is then located from this array. 

The average compressor face total pressure (PTRRA) is calculated 
as the arithmetic average of the original 48 recorded pressures. 
Since ring number 3 lies close to the radius that separates the 
outer 40 and inner 60 percent of the total compressor face area 
the outer 40 percent average total pressure (PTRRPA) is calcu- 
lated as the arithmetic average of rings 1-3 and inner 60 per- 
cent total pressure (PTRRFA) as the arithmetic average of rings 
3-6. Radial total pressure distortion is then calculated as 

KR » PTRRPA - PTRRFA/ PTRRA 

The circumferential total pressure distortion is calculated as 
KTHETA = - PTOjjo/fTOjjo 


Imaginary * 
Rake No. 
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2 (60 deg) 

5 (150 deg) 

8 (240 deg) 

11 (330 deg) 


5/6 Actual + 
Rake No. 
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(Continued) 

The composite distortion Index Is calculated as 
KCOMP =V Kr2 + KTHETA^ ' 

CALL EXTRA6(I4) 
where 14 = Output Unit Code 

COHMON/ALISON/ODAT3(8) ,0DAT3N(8) ,0DAT3U{8) ,0DAT3F(8) .CDAY, 
CHONTH.CYEAR 

0TDAT3^ = Array for output of ALLISON variables. 

0DAT3Nj = Array containing the names of the ALLISON variables. 
0DAT3U^ = Array containing the units of the ALLISON variables. 
0DAT3F. = Array containing the formats of the ALLISON variables. 

CDAY * Calculation day. 

CMONTH = Calculation month. 

CYEAR = Calculation year. 

COMMON/CONS/ 

COMMON/ PGNAMS/ 

COMMON/DATAIN/ 

COMMON/DATOUT/ 

COMMON/TITL/ 

See Program WRiteup of PN026 for the description of the ibove 
COMMON blocks. 

None 

PDP-8/i, PDP-8/E 
FORTRAN IV 
3400g 
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SUMf^RY : ■ 

The Hamilton Standard QFT-55 full scale Q-Fan D<'^monstrator propulsor 
was 'utilized by Boeing Aerospace Company to fabricate a large scale 
variable pitch Lift/Cruise fan nacelle. The unit was tested at 
Boeing's Tulalip, Washington static test facility and the MSA Ames 
40' X 80' wind tunnel under a NASA Prime Contract NAS2-9215. The 
objectives of the tests were to determine the range of nacelle tilt 
angles, freestream velocities, and engine airflow levels for which a 
fixed lip inlet can provide pressure recoveries and distortion levels 
that result in acceptable engine core/fan operating characteristics and 
fan blade stress levels. This document presents the results of the 
blade stress data acquired during both phases of the testing. 


INTRODUCTION 

A comprehensive lift/cruise fan technology data base is required for 
the development of V/STOL airplanes for both civilian and mil itary 
applications. Toward this objective, a Boeing designed engine nacelTe, 
housing the existing Hamilton Standard 4.6 foot variable pitch fan driven 
by a Lycoming T55-L-11A turboshaft engine was tested in the NASA-ARC 
40' X 80' wind tunnel. 


TEST HARDWARE • ^ • y 

The test hardware consi sted of an asynimetri c i nl et . variable pi ten 
Q-Fan and a TbS-L-llA gas turbine. Appropriate cowl ing, fairings , 
and instrumentation were fabricated to complete the test item. 
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TEST RESUL TS ' 

In connection with the Boeing-NASA V/STOL aircraft program, blade 
vibratory stresses were measured during the testing of the Hamilton 
Standard Q-Fan Demonstrator at Boeing's test facility (Tulalip) and 
in the NASA Ames 40' x 80' wind tunnel. This memorandum reports on 
the results of these measurements. ' 

The rotating components of unit under test were identical to those 

described in Report NASA CR-121265 (HSER 6163) which covered the 

stresses measured at Hamilton Standard. Referring to Figure 6 (Page 239) 

of that report, stresses were measured using the strain gages located -i 

at 362 mm (14.25 in.) from the blade tip on Blades No. 1 , 6 and 7 during . | 

this test program. Prior testing showed that the highest readings were j 

at this location. The stresses were recorded on magnetic tape and played 

back onto Sanborn records. Also recorded and played back were torque, f 

fan speed, and blade angle. The playback also included the IF (once per 

fan revolution) component of the total vibratory stress for the strain 

gage on Blade No. 1. For the Ames tests , wind tunnel speed and fan angle s 

of attack (actually yaw inflow angle) were noted on the log. The PLA ^ 

(power, lever angle) was also logged. f 

Three series of tests were conductedr^^ ^ ^ ^ • ] 

1. Static tests were conducted during the period from July 8-10, 1976, 

at Boeing's test facility. Testing included a simulated ground /J; 

plane at nominal distances from one to tv/o meters (3 to 7 feet) . f ; 
behind the fan/engine assembly. • 

2. Tests were conducted in the Pmies tunnol during the period from 
July 23-26, 1976. Tunnel speeds were zero and 20 meters per second 
(40 knots). There was no inflow angle for these tests. 

3. Additional tests were conducted in the Ames tunnel during the 

period from October 1-4, 1976. Tunnel speeds v,fere 20 and 39 m/s ; 

(40 and 75 knots). Inflow angles for these tests were 0°, 45° and 
90° at 20 rn/s (40 knots) and 0°, 20°, 45°, 60° and 75° at 39 m/s 
(75 knots). . 

Maximum fan speeds and blade angles v/ere 3369 RPM and 56°. 

For the first series of tests, without the simulated ground plane, the 
maximum maasured total vibratory stress was 13.8 MN/m^ (+ 2000 psi ) and 
the maximum measured IF stress component was T 1.9 MN/m^ (i 270 psi). 

The maximum total stress condition was associated with operation near the 
3F/lf cri ticdl speed, where the aerodynamic excitation component at three 
cycles per revolution is near the first flatwise natural bending frequency 
of the blades. A critical speed diagram is shown on Figure 5-39 of Report 
NASA CR-1 21265. VJith the simulaj^ed ground plane, the maximum measured total 
vibratory stress was +26.2 MN/m^ (+ 3800 psi) and the maximum measured 1 F 
component was + 3.2 MlT/m^ 460 psi). 









TEST RESULTS (continued) 




For the second series of testsv the measured total vibratory 

stress was +8.3 MN/m- (+ 1200 psi) and again this was at operation 
near’ the 3F/1f critical speed. No |1F component v/as deduced for these 
testSi- ^ ^ i ^ 

For the third series of tests, the maximum measured total vibratory 
stress for steady state operating conditions was + 18.6 MN/m*^’ « 

(+ 2700 psi) and the maximum measured IF stress component was + 3.1 MN/nr 
(+ 450 psi). The maximum stress conditions were at -the maximum tested 
inflow angle and tunnel speed, 60® and 39 m/s (75 knots). 

The maximum measured vibratory stresses are v/ell within the continuous 
allowable level for these blades, which have solid dural spars. The 
Sanborn playbacks disclosed no new or unusual stress condition. The 
3F/lf cbndi tion discussed above had been observed in previous testing. 
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Appendix F 

Small Scale LCF Inlet, Fan Face Corrected Flow 

Due to a malfunction in the flow meterinq system, the initially calculated 
inlet flow rates v/ere in error for runs 4 through 33 in the small scale 
test. These flow rates were recalculated using the calibration curve 
developed from data obtained subsequent to repairs to the flow meter. 

The revised values of fan face corrected airflow per unit area are 
tabulated in this Appendix. Since the calibration curve is valid only 
when the inlet airflow is attached, the values shown for separated test 
points are approximate. 
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" 

13/4 

S 

( 50 ) i 

5/8 

A 

43.9 


9/i 

6 

(Z5) 

j 

13/5 


A 

■3', 

38.1 ;i.l 



. . 


9/4 

■ A . 

.32.9 

1 

13/6 

6 

( 34 ) i j 

Vo * 4( 

!) knots 

‘ 90* 


9/5 

A 

! 357 


l3/l 

A 

39.8 || 

V> 


(2-0 


9/6 

A 


1.5 


15/8 

A 

42.8 ;; 1 

fc/2 

S 

U3> 


*j/l 

A 

4( 

).3 ^ 



■ ■ 

■■ :: 

4/3 ^ 

r S 

(as) 


9/8 

A 

4o.a 


Vo - 115 1 

:rujts 

60 “ i; ' 

4/4 


31.8 

1 ■ 

1'. , ■ ■■; ■ ■■■ 

9/9 

■ A 

42.9 

■ * 

14/1 


( 25 ) 

4/5 

A 

34.5 






l4/a 


( 2 . 4 ) 

4/fe 

i A 

38.1 


Vo« IIO t 

iivots CC’ 

-60“ 


14/3 

A 

51.6 

6/1 

A 

41.5 


lo/i 


CeO 


14/4 

A 

34.1 

4/8 

A 

i 44.0 


lo/a 

5: ■ j 

(26) 







' 

■ ^ ^ , , ■; 


10/3 

A 

34. \ 









10/4 


40.4 

: ' 

















■ ■ : ■ 




■ _ : 

"1 ^ i ‘ 
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NOTE : AIRFIOVJS IN pARCNTHESES IRE iPPROXmRTE VALUES FOR SEPARATED POINTS 


RUN N'a A(MTACHtt5 WCAZ ^ 
/t^HDlTioH S (StPARW- (lb /sec. « 
.( NO. to) 

r' - 1 "I " ■ 

V* -a IZO kf^dts 60 

Is/ 1 s (^o) 

(24") 


32.1 


33.2 


40knc»ts i cC«60 


RUN NO- 

AlATUlOlEb) 

WCA2^ -V 

/COKOniOK 

S(StPARAT- 

(lb /sec ^») 

HO. 

Et>) 


SO knots 


ot-TS 


i.z\) 


C^^) 




29,5 


3».2 


33.S 


29.6 


(26) 


II 


RUN NO. A(AlTSC«a>' 
/CONOmOH SlSEPARAT- 




V!,= ns knots a.«120" 


2s/3 


25/4 


25 /S 


zs/fc 


25/b 


(22) 


(24) 


C^6) 


28.^ 


So.S 


V>=S5 kiKjts X.= \20P 


Vo = 85 knots 


Vo = 1 05 knots 
l3/l 
2o/\ S 

zojz S 

20/3 S 

20/4 5 

eo/s s 

20/fe 

20 /T 

20/S 
20/9 
20/10 S 

20/11 5 


(19) 


22.8 


25.6 


28.4 


33.6 


31.1 


40.4 


43.0 


31.3 


(33) 


(34) 


22/3 


22/4 


22/5 


24.4- 


35.0 


41.0 


/o ~ 15 kno'is cd ^ 15 


(20) 


24.1 


30 4 


24./1 


26/2 


28/l 


28/3 


28/4 


(20) 


26, .5 


Vo® 140 knots k.® 45“ 


5 (14) 


5 


21/2 


21/3 


2l/4 


Zl/s 


21 /t> 


21 /l 


2l/S 


il25 knets 


23/1 


23/2 


23/4 


23/5 


23/6 


23/1 


23/8 


Vo” 40 knots 120“ 

24/t 4 21:4 


24/3 


24/4 


24/5 


Z4/l 


Z4/‘5 


I SMALL SCALE UlF mLET, BOEING, '^-e.''/-')FT L5WT 
FAN PALE CORRECTED FtoW PER. UNIT AREA 
REVISED values FOR. TEST No 263i 


4o.l 


' 43.6, 


k.= 4s- 


(13) 


Zfo.l 


34.6 
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NOTE : AIRFLOWS IN PARENTHESES tRE APPROXmA>TE VALUES FOR, SEPARATED POINTS 


RUN Na 
/COHOITION 

HO. 

A (MTACHEti') 
S (StPARAT- 
ED^ 

WCa2 . , 
(lb /set 

Vo - Unois tC 

- 4S® 

29 /l 


189 

29/2 

A 

22.5 

29/a 

A 

es.o 

29/4 

A 

34.5 

...I- 

Vo •= 40 knots 

45“ 

3o/l 

A 

19.2 

■ 50/2 

A 

21.1 

10/3 

A 

24.5 

ao/4 

'A 

341 

1 1 
Vo = 150 krKjls OC 

= 4S» 

SI /a 

-s 

Ofe') 

,9.j/4 


Cl9) 

si/s 


C 2 . 4 ) 

si/t 

A 

34.4 

. , 1 1 

Vo 4o kivsls cC= 

45 * 

32/1 ' 

A 

12.3 

32/2 

. A 

18.8 

32/3 

A 

24.3 

32/4 

A 

29.*1 , 

32/5 

A 

35,2 

32/t> - 

■ A 

31.8 

32/1 

A 

41.0 

32/8 

A 

43,5 

32/9 

A 

12.2 

1 . 






■ 1 



■ ""V . 








r 1 

RUN NO. 
/COrtonioH 

HO. 

AtoiCHEO) 

S(StPARAT- 

Eb) 

. WCA2 ^ 
(lb /set 

\ 

RUN HO. 
/COMbntOH 
HO. 

ACAITACUED'i 

SCSEPARAT- 

tol 

! 

Vo= 90 knots N.-=4S“ 





33/1 

s 

loo 

. 




33/2 

A 

23.2 





33/3 

A 

Z9.6 




33/4 

A 

34.0 



1 

33/5 

A 





33 /t 

A 

4o.3 




33/1 

A 

43.0 










i : 










. 













































V 
















. 








■ 

' 


1 

1 






- ■ 



































































■;:v . ■■■■ • 












RrvisKO 

OATt * 

SMALL SCALE UGE mLET, BOEING 
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25^2 


TMi 

COMPANY 


PA6C 

ll(= 
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/ 


